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Executive Summary

This Scour Report has been prepared for the final design of Bridge No. 01224, the westerly 1-84
crossing over the Mad River. This bridge is one of six (6) waterway crossings over the river to be
constructed under the State Project No. 151-273, improvements to Interstate 84 in Waterbury
from Washington Avenue east to Pierpont Road. The subject 4.3-kilometer (2.7 mile) long
highway project has been designed by Ammann & Whitney (formerly Berger, Lehman
Associates, P.C. — BLA).

The proposed Bridge No. 01224 will be a single span bridge replacing an existing structure that
has a center in-river pier. The span length is 29.2 meters (96 ft; measured perpendicular to the
abutment faces) which is 0.4 meter (1.3 ft) less than the existing structure. The existing pier will
be removed to reduce scour and the potential for debris clogs.

The width of the proposed bridge crossing (measured along the river baseline) will be increased
from the existing structure’s 40 meters (131 ft) to 91 meters (298 ft) to accommodate not only
two additional lanes along the interstate, but also the realignments of the Eastbound Exit 23 On-
Ramp and the Eastbound Exit 25 Off-Ramp. The widening will be accomplished on the upstream
side of the crossing. The upstream face of the proposed bridge will be located in the approximate
vicinity of an existing pedestrian crossing. The pedestrian crossing will be relocated 28 meters
(92 ft) upstream of its present location with the pedestrian walkway moved to the easterly
riverbank, passing under proposed Bridge No. 01224.

This report finds that the proposed bridge will experience the greatest potential scour during the
500-year event. Particularly for the Abutment #1 (western abutment), the scour depth of
approximately 4.71 meters (15.5 ft) is estimated, which is approximately down to an elevation of
102.49 M at the upstream end, undermining the footing. Hence, the footings for the proposed
bridge will be placed on piles that have been designed to resist the maximum calculated scour.

Table 1. NBIS Ratings and Scour Related Design Information

Recommended NBIS Item 113 Rating 5 (total scour will expose piles)
Recommended NBIS Item 71 Rating 9
Recommended NBIS Item 61 Rating 8
Scour Risk Designation Low Risk
Depth of Potential Scour (500-year) 4.72 m (Abutment #1 — West);
2.14 m (Abutment #2 — East)
Foundation Type Spread footings on Piles
Recommendations Foundation Designed for Predicted Scour;
Riprap Revetment for Main Channel Banks
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Reference Reports

The following reports, prepared under separate covers for the project, should be referenced for
more detailed information pertinent to the hydrology and hydraulics for the subject reach of the
Mad River and the hydraulic design of Bridge No. 01224.

Overview Report for Hydraulic Design, CT DEP Flood Management Certification &
FEMA Conditional Letter Of Map Revision (CLOMR), Mad River & Beaver Pond Brook,
Waterbury, Connecticut prepared by ConnDOT, July 2006.

Hydrologic Report, Mad River prepared by BLA (Ammann & Whitney), September 1999

Hydraulic Analysis for Design Report, Mad River prepared by ConnDOT, revised April
2014,

Final River Relocation Report, Mad River & Beaver Pond Brook prepared by BLA,
January 2004 and revised by ConnDOT, April 2006.

Mad River Floodplain/Floodway Analysis Report for FEMA CLOMR & CTDEP Flood
Management Certification prepared by ConnDOT, revised April 2014.

Project Overview

The information presented in this report are mostly derived from the hydraulic analyses
performed using the DOT "Design" discharges as presented in the Hydraulic Analysis for Design
Report, Mad River prepared by ConnDOT, revised April 2014. For complete hydrologic
information refer to Hydrologic Report, Mad River prepared by BLA (Ammann & Whitney),
September 1999. The summarized hydrologic information is shown in the table below.

Table 2. Hydrologic Information

Watershed Area: 62.26 km” (24.04 mi“)- Large Structure
Discharges: 100-Yr: 176.98 cms (6,250 cfs)
500-Yr: 269.01 cms (9,500 cfs)
Overtopping: >500 year

See the Overview Report referenced above for an overview of the project, the existing and the
proposed project conditions.
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Report Background

This scour report with the accompanying final hydraulic report have been prepared as part of the
final design for Bridge No. 01224, the westerly crossing of Interstate 84 over the Mad River.
The proposed crossing will be in the same location as the existing bridge but due to its greater
width will extend 42 meters (138 ft) further upstream.

Scour depths have been estimated following procedures set forth by the Federal Highway
Administration in Hydraulic Engineering Circular No. 18 (HEC-18), Estimating Scour at
Bridges, May 2001. As recommended on page 9.B-2 of the 2000 ConnDOT Drainage Manual,
the following Amended Local Abutment Scour Equation was utilized:

YoYa=[2.27 Ky Ko (L7Y2)"* Fr®] + 0.05 (ConnDOT)

This equation predicts scour depths for the 50™ percentile as compared to the more conservative
HEC-18 version of Froehlich's equation (equation 7.1, page 7.8), which would have
encompassed 98% of the laboratory produced scour holes from the original study. The HEC-18
version of Froehlich’s equation is as follows:

Yo/Ya=[2.27 Ky Ky (LY ) P Fro® + 1 (HEC-18)

A comparison of the two local abutment equations shows that ConnDOT’s version will predict
scour depths 0.95Y, less than proposed by HEC-18. Y, is the average depth of floodplain flow
at the upstream approach cross section.

The discharges used in this investigation have been approved by ConnDOT and are presented in
the September 1999 Hydrologic Report, Mad River, Waterbury, Connecticut prepared by BLA
(Ammann & Whitney). The discharges reported in the original 1979 and currently effective
2013 Waterbury Flood Insurance Studies are 25-30% lower than those approved by ConnDOT.

The hydraulic analysis completed for this investigation utilized HEC-RAS version 4.1.0
assuming mixed flow conditions. A CD containing the HEC-RAS data files is included in the
referenced Hydraulic Analysis for Design Report, Mad River.

To avoid confusion between existing and proposed crossings in the report, the existing crossing
is referred to as "Structure™ followed by the ConnDOT bridge number, whereas the proposed
crossing is called out as "Bridge™ (e.g. existing Structure No. 01224 versus proposed Bridge No.
01224).
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Proposed Bridge

Proposed Bridge No. 01224 will replace existing 1-84 Structure No. 01224 over the Mad River.
The new crossing will be a single span, welded steel plate girder bridge with spill-through type
stub concrete abutments, eliminating the need for the existing center pier. The abutments will be
founded on end bearing H-piles terminating in glaciofluvial deposits. The span of the bridge will
be 29.2 meters (96 ft) measured between the abutment faces. The structure will be skewed
approximately 60° to the watercourse; however, the abutments will be aligned with the Mad
River’s main channel.

The width of the crossing (measured along the river baseline) will be increased from the existing
40 meters (131 ft) to 91 meters (298 ft) to accommodate two additional lanes along the interstate
and the realignments of the Eastbound Exit 23 On-Ramp and the Exit 25 Eastbound Off-Ramp.
The widening will be accomplished on the upstream side of the crossing and will necessitate
relocating the existing pedestrian bridge over the Mad River approximately 28 meters (92 ft)
upstream of its present location. The pedestrian walkway will be moved to the easterly riverbank
passing under the proposed 1-84 bridge, instead of through an existing 3 m by 3 m (10 ft x 10 ft)
concrete box culvert tunnel. This box tunnel will be abandoned. Refer to separate scour report
for the Pedestrian Bridge Crossing.

Even with the wider bridge, it is anticipated that the constriction through the crossing will be
lowered primarily due to the elimination of the existing in-water pier. The elimination will also
reduce the scour potential, improve aquatic habitat and reduce the potential for debris clogs.

The hydraulic analyses indicate that, as the flow enters and transitions from upstream to
downstream sides of the proposed bridge, the change in the water elevation as well as the
velocity will be smaller compared to the existing condition due to less constriction. While the
100-year water surface elevation will drop approximately 0.74 m (2.43 ft; from the entrance to
exit), the change in velocity will be 0.89 m/s (from 2.58 to 3.47 m/s). This produces the
minimum superstructure underclearance of approximately 2.4 meters (7.9 ft) for the 100-year
flow at the downstream face of the bridge. Compared to the existing condition, this elevation is
0.27 meter (0.9 ft) higher. The resulting downstream end velocity will be 0.91 m/s (3 ft/s)
lower than the existing. For the 500-year discharge, the minimum underclearance will be
approximately 2.1 meters (6.9 ft), again at the downstream side. The 500-year, entering and
exiting flow velocities are 2.79 m/s (9.2 ft/s) and 4.72 m/s (15.5 ft/s) respectively.

The riverbanks under the existing Structure No. 01224 are protected by riprap larger than
standard size gradation. The proposed design retains this riprap in front of the western abutment.
On the eastern riverbank, it is also retained waterward of the pedestrian walkway proposed along
the bank. Between the pedestrian walkway and the eastern abutment, concrete block slope
protection will be installed for erosion protection. Due to the 42 meter (138 ft) upstream
extension of the proposed crossing, the existing riprap protection must be extended upstream.
The required size of this riprap was evaluated based on Hydraulic Engineering Circular No. 11
(HEC-11) methodology. These calculations indicate that Standard sized riprap will be adequate
for not only the 100-year design, but also the 500-year check flow condition (see Appendix C).
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Scour Potential Assessment and Results

Scour computations were completed for the 100-year Design and 500-year Check frequency
discharges. The computations for the lower frequency discharges were not performed as the
degree of contraction, velocity and other flow variables were found relatively moderate
compared to the conditions under the above high frequency discharges.

The estimate of Dsy was based on a soil sample of existing bed material taken in the vicinity of
the proposed bridge (see Figure 4).

Figure 4. Soil Sample (For estimating Dso for Scour Analysis)

Scour analysis Soil Sample #1, upstream of 1-84 Structure No. 01224, westerly riverbank, looking
downstream, 12/7/00

Based on site inspections, it appears the existing streambed is relative stable with no signs of
long-term scour except for the scour holes which have formed on both sides of the existing pier.
As the pier will no longer be present in the post-project condition, it is assumed that the
streambed will continually remain stable, and thus that the long-term channel scour will be

insignificant.
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Table 3. Summary of Computed Scour Depths

Computed scour depths for the 100 and 500 year return frequencies are as follows:

100 Year
Scour Depths (m)
Amended
Local Amended
Long-Term | Contraction | Abutment Total
Abutment 1
(Westerly) 0 0.76 2.73 3.49
Abutment 2
(Easterly) 0 0.76 0.31 1.07
500 Year
Scour Depths (m)
Amended
Local Amended
Long-Term | Contraction | Abutment Total
Abutment 1
(Westerly) 0 1.30 3.42 471
Abutment 2
(Easterly) 0 1.30 0.84 2.14

These results indicate that the Abutment 1 footing will be undermined, and the piles will be
exposed in both the 100- and 500-year flow conditions.

The foundation of the bridge is designed to resist the estimated scour resulting from these high
magnitude flood events.
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Design Review for Scour and Conclusions

Footing

Page 2.4 of HEC-18 states:

Placing the top of the footing or pile cap below the depth equal to the estimated
long-term degradation and contraction scour depth will minimize obstruction to
flood flows and resulting local scour.

The top of the footing has been located in accordance with this guideline for the 100-year design
discharge. At the eastern abutment (#2), the top of the entire footing will be set at elevation 106.3
M. Likewise, the top elevation will also be set at 106.3 M for the upstream, southerly portion of
the western abutment (#1). The downstream, northerly portion will be at elevation 104.7 M. The
thickness of the footing will be 1.5 meters (4.9 ft; vertically).

Piles

The typical guideline for pile supported abutments is to design the substructure using normal
factors of safety assuming the piles are unsupported to the depth of total scour (long-term plus
contraction plus amended local abutment) for the design discharge.

The calculations indicate that the depth of amended total scour will not expose the piles at
Abutment 2, the eastern abutment, for the 100-year design discharge. On the hand, for the
Abutment 1, the western abutment, the piles will be exposed, as the computed total scour depth
is 1.09 m (3.6 ft) below the bottom of the footing at the upstream end. The foundation was
designed to withstand this potential scour condition using normal factors of safety.

"Superflood”

Page 2.4 of HEC-18 recommends that the foundation design should be checked for scour
conditions resulting from a "Superflood”. The design "should have a minimum factor of safety
of 1.0 (ultimate load) under the superflood conditions."

For the proposed bridge the 500-year flood was assumed to be the "Superflood"”. Calculations
indicate that the depth of amended total scour will expose the piles 2.31 meters (7.6 ft) at
Abutment 1 while the bottom of the Abutment 2 footing will still be below the scour. The
foundation design meets the requirement of a minimum factor of safety of 1.0 for this potential
scour condition.

10
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Revetment Design

Although the foundations have been designed to the computed total scour depth which is based
on the fine particle size of the existing streambed material, the design also incorporates riprap
revetment to further protect the bridge. As described earlier, the existing heavy (larger than
Standard) riprap on the channel banks will remain under the bridge at the downstream end, while
the upstream end, where widening of the bridge is proposed, will be provided with Standard
Riprap revetment.

According to the HEC-11 calculations included in Appendix C, the final riprap revetment at and
under the proposed bridge will be adequate up to the 500-year flow conditions. Beneath the
Standard Riprap, a 150 mm-thick Granular Fill layer on geotextile will be provided to prevent
loss of fines through the voids, as its requirement is demonstrated in the computations. Note that
the Boring No. S4-3, Sample D1 was used to estimate the gradation of the native material in
assessing the filter layer requirement. The soil sample used for the scour analysis was taken
from a different location that is representative of the streambed material.

Typical details of the revetment design are included in Appendix A.
The channel stability analysis for other locations of the Mad River within the subject project

limits is included in the referenced Final River Relocation Report, Mad River & Beaver Pond
Brook.

11
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Appendix A: Structure Plans & Details

(Note:

The plans and details included in this report are
intended for information purposes only. If there are
any discrepancies to the actual construction or “as-
built” plans, the information reflected on the
construction or “as-built” plans shall be construed
more accurate.)
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Appendix B: Scour Computations

Based on DOT Design Discharges

o Summary Sheet

o 100-YR Contraction Scour
o 100-YR Abutment Scour
o 500-YR Contraction Scour
o 500-YR Abutment Scour

o Soil Sample Analysis (Sample #1, bed material)





Final Design
Bridge No. 01224
Westerly 1-84 Crossing over the Mad River
Computed Scour Depths using Froehlich's Abutment Scour Equation
July 2006 - Revised March 2014

Abutment #1- Westerly Abutment or Right Abutment Looking Upstream

Ave. Flow Scour Depth (m)
Depth Abutment [ Amended | Amended
Flood Recurrence Obstructed | Long-Term | Contraction | Equation | Abutment Total
Qoo 1.18 0.0 0.76 Froehlich 2.73 3.49
Qs00 2.19 0.0 1.30 Froehlich 3.42 4.71
Overtopping > Qs00

Abutment #2- Easterly Abutment or Left Abutment Looking Upstream

Ave. Flow Scour Depth (m)
Depth Abutment [ Amended | Amended
Flood Recurrence | Obstructed | Long-Term | Contraction | Equation | Abutment Total
Quoo 0.57 0.0 0.76 Froehlich 031 1.07
Qw00 0.58 0.0 130 Froehlich 0.84 2.14
Overtopping > Q500

Comparison of Footing Elevations to Computed Scour Depths

Elevation (m) Assumed Elevation of Scour at Abutment (m)
Ground 100 Year Discharge 500 Year Discharge
Elevation at [ Long-Term Long-Term
Abutment Top of Bottom of Base of + +
No. Depth of Footing (m) | Footing Footing Abutment | Contraction Total Contraction Total
1 (U/S) 1.5 106.3 104.8 107.20 106.44 103.71 105.90 102.49
1 (D/S) 1.5 104.8 103.3 106.00 105.24 102.51 104.70 101.29
2 1.5 106.3 104.8 107.70 106.94 106.63 106.40 105.56

Abutment No. 1

-Top of footing below the sum of long-term channel degradation and contraction scour depths for the 100 year discharge- Design OK

-Computed total scour depth for the 100 year discharge is below the bottom of the footing, design the foundation assuming the piles
are unsupported to the depth of total scour

-Computed total scour depth for the 500 year discharge is below the bottom of the footing, check the design for FS = 1.0 assuming the
piles are unsupported to the depth of total scour

Abutment No. 2
-Top of footing below the sum of long-term channel degradation and contraction scour depths for the 100 year discharge- Design OK
-Computed total scour depth for the 100 year discharge is above the bottom of the footing, piles are not exposed by scour

-Computed total scour depth for the 500 year discharge is above the bottom of the footing, piles are not exposed by scour

Bridge No. 01224 Appendix B





PROJECTNO. | 151273 BRIDGE NO.

Ref. HEC-18., May 2001 (4th ed.)
(October 2013 Note: These equation are still valid in HEC-18, 5th ed.)

01224 (Prop.) |

onir: [ metric |

SUMMARY
Contraction Scour Type: LIVE-BED Depth: 0.76 m Event: 100-YR
Local East Abut. #2 LEFT Eq.: Froehlich Depth: 0.31 m Event: 100-YR
Abutment West Abut. #1 RIGHT Eq.: Froehlich Depth: 273 m Event: 100-YR
CONTRACTION SCOUR
ve=Kuy*p®”® Eq. 5.1
= 2.07 m/s Critacal velocity above which bed material of size D and smaller will be transported
Ku = 6.19 m (6.19 in Sl units; 11.17 in English units)
y= 243 m Average depth of flow upstream of the bridge
D= 0.024 m Particle size forVc  , m (use Dsg)
V1= 2.58 m/s The mean velocity of the flow in the main channel or overbank area upstream of the brige opening

Ve < V1 Thus, LIVE-BED CONTRACTION SCOUR

Live-Bed Contraction Scour

Y2/Y1 = (Q2/Q1) " (Wuw2)*t =
Ys=Y2-Yo m

1.22

= 0.76 m Average contraction scour depth
Yi= 243 m Average depth in the upstream main channel
Y2 = 296 m Average depth in the contracted section
Yo = 220m Existing depth in the contracted section before scour
Q1= 151.32 m3/s Flow in the upstream channel transporting sediment
Q2= 176.98 m3/s Flow in the contracted channel
W1 = 34.74 m Bottom width of the upstream main channel that is transporting bed material
W2 = 31.19m Bottom width of the main channel in the contracted section less pier width
ki= 0.59 Exponent determined below ( Vo= 044 )
V¥=  0.2802 =(To/p)*®> or (gY1S1)*® , shear velocity in the upstream section , m/s
o= 0.63 m/s Fall velocity of bed material based on the D5, (Figure 5.8)
g= 9.81 m/s"2 Acceleration of gravity
S1= 0.003114 m/m Slope of energy gradeline of main channel
To = 78.54 Pa (N/m”2) Shear stess on the bed
p= 1000 kg/m"3 Density of water
J
10 <
f (e e e ] S Mode of Bed
1 V/w k1 Material
B MATRE s e e e e T e B Transport
Mostly contact
' el <0.50 05 | bed materia
£ £ discharge
E_ = Some
O"’ ______ (a) 0.50 to 064 suspelnded bed
20 material
01 0.0001 discharge
Mostly
90 069 suspe'nded bed
material
1 discharge
001 —+ 0.00001
0.001 0o 0.1
®, m/s

Figure 5.8. Fall velocity of sand-sized particles with specific gravity of 2.65 in metric units.
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Clear-Water Contraction Scour

y2= [ K,Q 7 Eq. 5.4
Dm2° W
ys= y2-yo m Eqg. 5.5
= N/A m Average contraction scour depth LIVE-BED controls. Ignore this procedure

y2= 248 m Average equilibrium depth in the contracted section after contraction scour

Yo = 220 m Average existing depth in the contracted section

Q= 176.98 m3/s Discharge through the bridge or on the set-back overbank area at the bridge associated with the width W

W= 3119m Bottom width of the contracted section less pier widths

Ky = 0.0250 (0.025 in Sl units; 0.0077 in English units)
Dm = _ m Diameter of the smallest nontransportable particle in the bed material (1.25 D50) in th contacted setion
Dso = 0.0240 m Median diameter of bed material

Because Dso is not the largest particle in the bed material, the scoured section can

be slightly armored. Therefore, the Dm is assumed to be 1.25 Dso. For stratified bed
material the depth of scour can be determined by using the clear-water scour equation
sequentially with successive Dm of the bed material layers.
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Cross Sections used for Contraction Scour Computations

UPSTREAM SECTION 1277
Mad River, 151-273, Metric Plan: PROPOSED (New Surwey), ConnDOT Q
RS = 1277 Between I-84 / Pedestrian bridges (FEMA Sta 5134, Sec AD)
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*This drawing is intended to provide as a basic, rough visualization of the scour depth. See Figure 5 for more accurate depiction.
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UPSTREAM CHANNEL SECTION River Station Event:
HEC-RAS CROSS SECTION OUTPUT
Plan: PR_DOT Mad River Reach 1 RS: 1277 Profile: 100 Year
E.G. Elev (m) 107.89 Element Left OB Channel Right OB Total
Vel Head (m) 0.15 Wt. n-Val. 0.024 0.06 0.077
W.S. Elev (m) 107.74 Reach Len. (m) 18.58 18.58 18.58
Crit W.S. (m) 106.52 Flow Area (m2) 4.12 75.68 36.23
E.G. Slope (m/m) 0.003114 Area (m2) 4.12 75.68 36.28 116.08
Q Total (m3/s) 176.98 Flow (m3/s) 7.78 139.25 29.95
Top Width (m) 62.43 Top Width (m) 5.89 26.06 30.47
Vel Total (m/s) 1.53 Avg. Vel. (m/s) 1.89 1.84 0.83
Max Chl Dpth (m) 3.93 Hydr. Depth (m) 0.7 2.9 121 1.86 Flow dis. manual
Conv. Total (m3/s) 3171.7 Conv. (m3/s) 139.5 2495.6 536.7 Left WS Sta. -21.92 -21.34
Length Wtd. (m) 18.58 Wetted Per. (m) 6.06 26.98 30.14 Left Convy Sta. -21.34
Min Ch EI (m) 103.81 Shear (N/m2) 20.79 85.65 36.7 Left Main Channel -21.34
Alpha 1.26 Stream Power (N/m s) 4022.22 0 0 Right Main Channel 13.4
Frctn Loss (m) 0.06 Cum Volume (1000 m3) 3.53 27.13 0.49 Right Convy Sta. 47.83
C & E Loss (m) 0.06 Cum SA (1000 m2) 14.34 11.49 1.25 Right WS Sta. 47.83 41.08
L' (left) 0 L (left) 0
HEC-RAS FLOW DISTRIBUTION IN CROSS SECTION OUTPUT L' (Right) 34.43 L (Right) 27.68
w1 Q1, Qe Area Y1 Vi
LEFT
Main 34.74 151.32 84.34 2.43 1.80
Right 25.66 31.76
Plan: PR_DOT Mad River Reach 1 RS: 1277 Profile: 100 Year
Pos Left Sta Right Sta Flow Area W.P. Percent  Hydr Velocity Shear Power
(m) (m) (m3/s) (m2) (m) Conv Depth(m) (m/s) (N/m2) (N/m's)
1LOB -21.92 -19.76 0.37 0.57 1.74 0.21 0.36 0.65 9.97
2 L0OB -19.76 -17.61 2.81 1.7 2.16 1.59 0.79 1.65 24.01
3 LOB -17.61 -15.45 4.6 1.86 2.16 2.6 0.86 2.48 26.29
4 Chan -15.45 -12.84 3.82 4.03 291 2.16 1.55 0.95 42.2
5 Chan -12.84 -10.24 6.43 6.68 2.69 3.63 2.56 0.96 75.66
6 Chan -10.24 -7.63 10.35 7.41 2.63 5.85 2.84 1.4 86.03
7 Chan -7.63 -5.03 20.02 8.67 2.66 11.31 3.33 2.31 99.37
8 Chan -5.03 -2.42 24.86 9.83 2.63 14.05 3.77 253  113.94
9 Chan -2.42 0.19 24.61 9.76 2.62 13.91 3.74 2.52 113.52
10 Chan 0.19 2.79 24.52 9.71 2.61 13.85 3.72 253  113.69
11 Chan 2.79 54 14.56 8.19 2.93 8.23 3.14 1.78 85.38
12 Chan 5.4 8 5.86 6.27 2.64 3.31 241 0.94 72.46
13 Chan 8 10.61 4.22 5.14 2.64 2.38 1.97 0.82 59.49
14 ROB 10.61 134 4.29 4.52 2.81 2.42 1.62 0.95 49.2
15 ROB 13.4 20.2 8.44 9.67 6.8 4.77 1.42 0.87 43.4
16 ROB 20.2 27 6.64 8.38 6.8 3.75 1.23 0.79 37.6
17 ROB 27 33.8 6.02 7.9 6.8 34 1.16 0.76 35.45
18 ROB 33.8 40.6 4.56 5.76 6.92 2.58 0.85 0.79 25.39
19 ROB 40.6 47.83 0 0.05 0.53 0 0.11 0 3.02
20
21
22
23
24
25
26
27
28
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32
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35
36
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38
39
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41
42
43
44
45
46
47
48
49

50





CONTRACTED CHANNEL SECTION
CROSS SECTION OUTPUT
Plan: PR_DOT Mad River
E.G. Elev (m)
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Reach 1 RS:1214.5 BRU Profile: 100 Year
107.78 Element Left OB

0.34 Wt. n-Val. 0.023
107.43 Reach Len. (m) 89.02
106.64 Flow Area (m2) 7.54
0.003173 Area (m2) 7.54
176.98 Flow (m3/s) 18.77
31.19 Top Width (m) 7.01
2.58 Avg. Vel. (m/s) 2.49
3.64 Hydr. Depth (m) 1.08
3141.7 Conv. (m3/s) 333.3
89.02 Wetted Per. (m) 7.31
103.79 Shear (N/m2) 32.06
1.01 Stream Power (N/m s) 2681.16
0.39 Cum Volume (1000 m3) 3.43
0.08 Cum SA (1000 m2) 14.22

Channel
0.04
89.02
60.53
60.53
158.03
23.18
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2805.4
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0
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LIVE SCOUR AT ABUTMENTS

Froehlich's Live-Bed Abutment Scour Equation LEFT RIGHT
Ys/Ya= 227 K1 K2 (L'/Ya) *® Fr®® + 1= 1.49 326 Eq. 7.1
Amended Local Scour Equation
Ys/Ya = 2.27 K1 K2 (L'/Ya) ** Fr®® + 0.05 = 0.54 231 CT DOT DM Pg 9B-2
LEFT RIGHT
Ys = 0.31 273 m Scour depth <== using Amended equation
K1 = 0.55 0.82 Coeffcient for abutment shape (see Table 7.1 and Figrue 7.6)
K2 = 0.91 1.00 (6/90)°*3, Coefficient for angle of embankment to flow
0 = 43 90
0 < 90 degrees if embankment points downstream
0 > 90 degrees if embankment points upstream
(see Figure 7.5 for definition of 0)
L'= 0.50 13.95 m Length of active flow obstructed by the embankment
(see Figure 7.4)
Ae = 0.29 34.92 m"2 Flow area of the approach cross section obstructed by the embankment
Fr= 0.27 0.24 Vel/(gYa)"0.5, Froude Number of approach flow upstream of the abutment
Ve = 0.65 0.82 m/s Qel/Ae
Qe = 0.185 28.663 m”3/s Flow obstructed by the abutment and approach embankment
Ya= 0.57 1.18 m Ae/L, Average depth of flow on the floodplain

0.5 29.633 m

Length of embankment projected normal to the flow

Table 7.1. Abutment Shape Coefficients.
Descripticn K,
Wertical-wall abutment 1.00
Wertical-wall abutment with wing walls 0.82
Spill-through abutment 0.55

Saction A - A'

(&) Spill Through

Section A - &' Saction A - A'

(b) Vertical Wall (c) Vertical Wall with
Flarsd Wingwalls

Figure 7.6, Abutment shape.

/4

L _q. /4

| |

_,./\9

4

=y
(%]
2
2| | Hgual Cq

nveyance Tubes

i

Figure 7.5. Orientation of embankment angle, 8, to the flow.

Figure 7.4. Determination of length of embankment blocking live flow for abutment
scour estimation.
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HIRE Live-Bed Abutment Scour Equation

Applicability check:

YolY, =
LEFT
Y = N/A
K1 = 0.55
K2 = 0.91
Y1=
Fr= 0.27

Bridge No. 01224

4 Fr®® K,/055 K,=

RIGHT
N/A m
0.82
1.00

m
0.24

LY, =

Scour depth

LEFT RIGHT
0 12 Use HIRE Eq. only if L/Y ; > 25
N/A NA - Eq. 7.1

(N/A if LY, < 25)

Coeffcient for abutment shape (see Table 7.1 on RIGHT)

(6/90) °**, Coefficient for angle of embankment to flow

Depth of flow at the abutment on the overbank or in the main channel,
Ve/(gYa)"0.5, Froude Number of approach flow upstream of the abutment
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Cross Sections Used for Local Abutment Scour Computations

APPROACH SECTION

1227

Mad River, 151-273, Metric Plan: PROPOSED (New Surwey), ConnDOT Q
RS = 1277 Between I-84 / Pedestrian bridges (FEMA Sta 5134, Sec AD)
Sle Sl Sl
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Legend
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RS =1214.5 BR Proposed 1-84 Bridge No. 01224
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* This drawing is intended to provide as a basic, rough visualization of the scour depth.
See Figure 5 for the more accurate depiction of combined total scour
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UPSTREAM APPROACH CHANNEL SECTION River Station Event.  [100-YR
CROSS SECTION OUTPUT Use the same data as in the contraction scour computation? |No except channel stations
Plan: PR_DOT Mad River Reach 1 RS: 1277 Profile: 100 Year
E.G. Elev (m) 107.89 Element Left OB Channel Right OB Total
Vel Head (m) 0.15 Wt. n-Val. 0.024 0.06 0.077
W.S. Elev (m) 107.74 Reach Len. (m) 18.58 18.58 18.58
Crit W.S. (m) 106.52 Flow Area (m2) 4.12 75.68 36.23
E.G. Slope (m/m) 0.003114 Area (m2) 4.12 75.68 36.28 116.08
Q Total (m3/s) 176.98 Flow (m3/s) 7.78 139.25 29.95
Top Width (m) 62.43 Top Width (m) 5.89 26.06 30.47
Vel Total (m/s) 1.53 Avg. Vel. (m/s) 1.89 1.84 0.83
Max Chl Dpth (m) 3.93 Hydr. Depth (m) 0.7 2.9 1.21 1.86 Flow dis. manual
Conv. Total (m3/s) 3171.7 Conv. (m3/s) 139.5 2495.6 536.7 Left WS Sta. -21.92 -21.34
Length Wtd. (m) 18.58 Wetted Per. (m) 6.06 26.98 30.14 Left Flood Sta. -19.76 -21.34
Min Ch EI (m) 103.81 Shear (N/m2) 20.79 85.65 36.7 Left Abutmnt Sta. -20.84
Alpha 1.26 Stream Power (N/m s) 4022.22 0 0 Right Abutmnt Sta. 11.45
Frctn Loss (m) 0.06 Cum Volume (1000 m3) 3.53 27.13 0.49 Right Flood Sta. 33.8 25.40
C & E Loss (m) 0.06 Cum SA (1000 m2) 14.34 11.49 1.25 Right WS Sta. 47.83 41.08
L' (left) 0.5 L (left) 0.5
FLOW DISTRIBUTION IN CROSS SECTION OUTPUT L' (Right) 13.95 L (Right) 29.633
w1 Q1, Qe Area ) Y1 Vi
LEFT 0.185 0.285
Main 32.287 148.132 80.891 2.51 1.83
Right 28.663  34.924
Plan: PR_DOT Mad River Reach 1 RS: 1277 Profile: 100 Year
Pos Left Sta Right Sta Flow Area W.P. Percent  Hydr Velocity  Shear
(m) (m) (m3/s) (m2) (m) Conv Depth(m) (m/s) (N/m2)
1LOB -21.92 -19.76 0.3 0.57 1.74 0.21 0.36 0.65 9.97
2 LOB -19.76 -17.61 2.81 1.7 2.16 1.59 0.79 1.65 24.01
3 LOB -17.61 -15.45 4.6 1.86 2.16 2.6 0.86 2.48 26.29
4 Chan -15.45 -12.84 3.82 4.03 2.91 2.16 1.55 0.95 42.2
5 Chan -12.84 -10.24 6.43 6.68 2.69 3.63 2.56 0.96 75.66
6 Chan -10.24 -7.63 10.35 7.41 2.63 5.85 2.84 1.4 86.03
7 Chan -7.63 -5.03 20.02 8.67 2.66 11.31 3.33 2.31 99.37
8 Chan -5.03 -2.42 24.86 9.83 2.63 14.05 3.77 2.53 113.94
9 Chan -2.42 0.19 24.61 9.76 2.62 13.91 3.74 2.52 113.52
10 Chan 0.19 2.79 24.52 9.71 2.61 13.85 3.72 2.53 113.69
11 Chan 2.79 5.4 14.56 8.19 2.93 8.23 3.14 1.78 85.38
12 Chan 5.4 8 5.86 6.27 2.64 3.31 2.41 0.94 72.46
13 Chan 8 10.61 4.22 5.14 2.64 2.38 1.97 0.82 59.49
14 ROB 10.61 134 4.29 4.52 2.81 2.42 1.62 0.95 49.2
15 ROB 13.4 20.2 8.44 9.67 6.8 4.77 1.42 0.87 43.4
16 ROB 20.2 27 6.64 8.38 6.8 3.75 1.23 0.79 37.6
17 ROB 27 33.8 6.02 7.9 6.8 3.4 1.16 0.76 35.45
18 ROB 33.8 40.6 4.56 5.76 6.92 2.58 0.85 0.79 25.39
19 ROB 40.6 47.83 0 0.05 0.53 0 0.11 0 3.02
Left Right
Computed L' = W X #ype = 2.16 13.95
Width of Tube at Embankment 2.16 2.79
No. of Tubes on overbank 1 5






PROJECT NO. | 151-273 BRIDGENO.| 01224 (Prop.) | UNIT:
Ref. HEC-18., May 2001 (4th ed.)
(October 2013 Note: These equation are still valid in HEC-18, 5th ed.)
SUMMARY
Contraction Scour Type: LIVE-BED Depth: 1.30 m Event: 500-YR
Local East Abut. #2 LEFT Eq.: Froehlich Depth: 0.84 m Event: 500-YR
Abutment West Abut. #1 RIGHT Eq.: Froehlich Depth: 3.42 m Event: 500-YR
CONTRACTION SCOUR
ve=Kuy*p®”® Eqg.5.1
= 2.18 m/s Critacal velocity above which bed material of size D and smaller will be transported
Ku = 6.19 m (6.19 in Sl units; 11.17 in English units)
y= 331l m Average depth of flow upstream of the bridge
D= 0.024 m Particle size forVc  , m (use Dsp)
V1= 2.79 m/s The mean velocity of the flow in the main channel or overbank area upstream of the brige opening

Ve < V1

Thus, LIVE-BED CONTRACTION SCOUR

Live-Bed Contraction Scour

Y2/Y1 = (Q2/Q1) ¥ (W1w2)*
Ys=Y2-Yo m

129 Eq. 5.2

= 1.30 m Average contraction scour depth
Yi= 3.3l m Average depth in the upstream main channel
Y2 = 428 m Average depth in the contracted section
Yo = 299 m Existing depth in the contracted section before scour
Q1= 212.29 m3/s Flow in the upstream channel transporting sediment
Q2= 269.01 m3/s Flow in the contracted channel
W1 = 35.40 m Bottom width of the upstream main channel that is transporting bed material
W2 = 32.26 m Bottom width of the main channel in the contracted section less pier width
k1= 0.59 Exponent determined below ( V¥o= 045 )
V* = 0.2832 =(To/p)¥? or (gY1 S1)¥? , shear velocity in the upstream section , m/s
o= 0.63 m/s Fall velocity of bed material based on the Ds, (Figure 5.8)
g= 9.81 m/s"2 Acceleration of gravity
S1= 0.002089 m/m Slope of energy gradeline of main channel
To = 80.22 Pa (N/m”2) Shear stess on the bed
p= 1000 kg/m"3 Density of water
L
10 a oo
i Mode of Bed
1 V/w k1 Material
B ORURNS SOUPNG SO S S5 NORUUOUNE SUUUOUE JOUU-0 SO SN ORI Transport
Mostly contact
' el 050 | 059 |bedmaterial
£ £ discharge
E - Some
A 050 to - suspended bed
e 20 064 material
01 0.0001 discharge
Mostly
90 069 suspended bed
’ material
1 discharge
oo ]i— 0.00001
0.001 0.01 01
®, m/s
Figure 5.8. Fall velocity of sand-sized particles with specific gravity of 2.65 in metric units.
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Clear-Water Contraction Scour

y2= [ K,Q* 7 Eq. 5.4
Dm2° W
ys= y2-yo m Eq. 5.5
= N/A m Average contraction scour depth LIVE-BED controls. Ignore this procedure

y2= 3.45m Average equilibrium depth in the contracted section after contraction scour

Yo = 299 m Average existing depth in the contracted section

Q= 269.01 m3/s Discharge through the bridge or on the set-back overbank area at the bridge associated with the width W

W= 3226m Bottom width of the contracted section less pier widths

Ky = 0.0250 (0.025 in Sl units; 0.0077 in English units)
Dm = _ m Diameter of the smallest nontransportable particle in the bed material (1.25 D50) in th contacted setion
Dso = 0.0240 m Median diameter of bed material

Because Dso is not the largest particle in the bed material, the scoured section can

be slightly armored. Therefore, the Dm is assumed to be 1.25 Dso. For stratified bed
material the depth of scour can be determined by using the clear-water scour equation
sequentially with successive Dm of the bed material layers.
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Cross Sections used for Contraction Scour Computations

UPSTREAM SECTION 1277
Mad River, 151-273, Metric Plan: PROPOSED (New Surwey), ConnDOT Q
RS = 1277 Between |-84 / Pedestrian bridges (FEMA Sta 5134, Sec AD)
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UPSTREAM CHANNEL SECTION River Station Event:

HEC-RAS CROSS SECTION OUTPUT
Plan: PR_DOT Mad River Reach 1 RS: 1277 Profile: 500 Year

E.G. Elev (m) 108.82 Element Left OB Channel Right OB Total
Vel Head (m) 0.15 Wt. n-Val. 0.025 0.06 0.076
W.S. Elev (m) 108.67 Reach Len. (m) 18.58 18.58 18.58
Crit W.S. (m) 107.2 Flow Area (m2) 10.11 99.87 64.08
E.G. Slope (m/m) 0.002089 Area (m2) 10.11 99.87 71.66 181.64
Q Total (m3/s) 269.01 Flow (m3/s) 23.63 181.12 64.26
Top Width (m) 76.68 Top Width (m) 6.55 26.06 44.07
Vel Total (m/s) 1.55 Avg. Vel. (m/s) 2.34 1.81 1
Max Chl Dpth (m) 4.86 Hydr. Depth (m) 1.54 3.83 2.14 2.37 Flow dis. manual
Conv. Total (m3/s) 5885.4 Conv. (m3/s) 517 3962.7 1405.8 Left WS Sta. -22 -23.4
Length Wtd. (m) 18.58 Wetted Per. (m) 7.41 26.98 30.14 Left Convy Sta. -23.4
Min Ch EI (m) 103.81 Shear (N/m2) 27.95 75.85 43.55 Left Main Channel -22
Alpha 1.23 Stream Power (N/m s) 4022.22 0 0 Right Main Channel 13.4
Frctn Loss (m) 0.04 Cum Volume (1000 m3) 21.88 34.58 3.66 Right Convy Sta. 40.6
C & E Loss (m) 0.08 Cum SA (1000 m2) 37.95 11.52 7.52 Right WS Sta. 43.16
L' (left) 14 L (left) 14
HEC-RAS FLOW DISTRIBUTION IN CROSS SECTION OUTPUT L' (Right) 27.2 L (Right) 29.76
w1 Q1, Qe Area Y1 Vi
LEFT
Main 35.4 212.29 117.1 3.31 1.81
Right 56.73 64.53
Plan: PR_DOT Mad River Reach 1 RS: 1277 Profile: 500 Year
Pos Left Sta Right Sta Flow Area W.P. Percent  Hydr Velocity Shear Power
(m) (m) (m3/s) (m2) (m) Conv Depth(m) (m/s) (N/m2) (N/m's)
1LOB -24.07 -21.92 0.01 0.06 0.72 0 0.65 0.2 1.56
2 L0OB -21.92 -19.76 2.85 2.49 2.37 1.06 1.16 1.14 21.6
3 LOB -19.76 -17.61 8.21 3.7 2.16 3.05 1.72 2.22 35.07
4 LOB -17.61 -15.45 12.56 3.86 2.16 4.67 1.79 3.26 36.65
5 Chan -15.45 -12.84 7.66 6.45 291 2.85 2.47 1.19 45.33
6 Chan -12.84 -10.24 9.12 9.1 2.69 3.39 3.49 1 69.16
7 Chan -10.24 -7.63 13.99 9.83 2.63 52 3.77 1.42 76.56
8 Chan -7.63 -5.03 25.56 11.09 2.66 9.5 4.26 231 85.28
9 Chan -5.03 -2.42 30.4 12.25 2.63 11.3 4.7 2.48 95.28
10 Chan -2.42 0.19 30.17 12.17 2.62 11.22 4.67 2.48 95.06
11 Chan 0.19 2.79 30.1 12.13 2.61 11.19 4.65 2.48 95.31
12 Chan 2.79 5.4 18.77 10.61 2.93 6.98 4.07 1.77 74.22
13 Chan 54 8 8.56 8.69 2.64 3.18 3.33 0.99 67.38
14 Chan 8 10.61 6.8 7.56 2.64 2.53 2.9 0.9 58.69
15 ROB 10.61 13.4 7.53 7.11 2.81 2.8 2.55 1.06 51.92
16 ROB 134 20.2 16.09 15.99 6.8 5.98 2.35 1.01 48.13
17 ROB 20.2 27 13.98 14.69 6.8 52 2.16 0.95 44.25
18 ROB 27 33.8 13.22 14.21 6.8 4.92 2.09 0.93 42.8
19 ROB 33.8 40.6 13.44 12.07 6.92 5 1.78 1.11 35.73
20 ROB 40.6 47.83 0 1.46 2.8 0 0.57 0 10.71
21 ROB 47.83 55.07 0 4.04 6.64 0 0.62 0 12.48
22 ROB 55.07 62.3 0 2.07 5.05 0 0.42 0 8.42
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49

50





CONTRACTED CHANNEL SECTION

CROSS SECTION OUTPUT
Plan: PR_DOT Mad River
E.G. Elev (m)

Vel Head (m)

W.S. Elev (m)

Crit W.S. (m)

E.G. Slope (m/m)

Q Total (m3/s)

Top Width (m)

Vel Total (m/s)

Max Chl Dpth (m)

Conv. Total (m3/s)

Length Wtd. (m)

Min Ch EI (m)

Alpha

Frctn Loss (m)

C & E Loss (m)

108.7
0.41
108.3
107.19
0.002436
269.01
32.26
2.79
4.5
5450.2
89.02
103.79
1.02
0.4
0.22

River Station | 1214.5 BR U

Reach 1 RS: 1214.5 BR U Profile: 500 Year

Left OB

0.023
89.02
14.47
14.47
45.26

8.08

3.13

1.79
916.9

Channel
0.04
89.02
80.53
80.53
222.8
23.18 1
2.77
3.47
4514.1
9.22 23.98 1
37.47 80.22
2681.16 0 0
21.66 32.91
37.81 11.07

Element

Wt. n-Val.

Reach Len. (m)

Flow Area (m2)

Area (m2)

Flow (m3/s)

Top Width (m)

Avg. Vel. (m/s)

Hydr. Depth (m)
Conv. (m3/s)

Wetted Per. (m)
Shear (N/m2)

Stream Power (N/m s)
Cum Volume (1000 m3)
Cum SA (1000 m2)

Right OB
0.08
89.02

Total

96.3

2.99

Left WS Sta.

Left Flood Sta.

Left Main Channel
Right Main Channel
Right Flood Sta.

Right WS Sta.

FLOW DISTRIBUTION IN CROSS SECTION OUTPUT

EFT
Main
Right

Plan: PR_DOT Mad River
Pos

1L0B
2L0B

Reach 1 RS:
Left Sta

(m)

w1 Q1, Qe Area
4.44  2.0672
263.63 92.9028

0.95 13

30.2656

5 BRU Profile: 500 Year

Right Sta

Area

(m2)
6.93 3.23
38.32

Flow
(m3/s)

W.P.
(m)

L' (lefty  0.9944
L' (Right) 1
%!

3.07

Percent H
Depth(m)
1.13
2.16

Flow dis.

-19.81
10.46

L (left)
L (Right)
Vi

2.84

Velocity
(m/s)
2.14
3.41

manual
-20.8
-20.8

11.46
11.46
0.9944
1

Shear

(N/m2)
19.75
50.52

Power
(N/m's)

3 Chan
4 Chan
5 Chan

2.77
3.37
3.86

2.24
2.62
2.89

62.14
78.35
90.78

6 Chan
7 Chan
8 Chan
9 Chan
10 Chan
11 Chan
12 Chan

4.23

3.08
3.22
3.19
2.94
2.54
1

99.95
106.8
105.5
93.18
74.81
56.58
8.34





LIVE SCOUR AT ABUTMENTS

Froehlich's Live-Bed Abutment Scour Equation LEFT RIGHT
Ys/Ya= 227 K1 K2 (L'/Ya) *® Fr®® + 1= 2.41 251 Eq. 7.1
Amended Local Scour Equation
Ys/Ya = 2.27 K1 K2 (L'/Ya) ** Fr®® + 0.05 = 1.46 156 e CT DOT DM Pg 9B-2
LEFT RIGHT
Ys = 0.84 342 m Scour depth <== using Amended equation
K1 = 0.82 0.82 Coeffcient for abutment shape (see Table 7.1 and Figrue 7.6)
K2 = 0.91 1.00 (6/90)°*3, Coefficient for angle of embankment to flow
0 = 43 90
0 < 90 degrees if embankment points downstream
0 > 90 degrees if embankment points upstream
(see Figure 7.5 for definition of 0)
L'= 1.12 13.95 m Length of active flow obstructed by the embankment
(see Figure 7.4)
Ae = 1.35 69.51 m"2 Flow area of the approach cross section obstructed by the embankment
Fr= 0.46 0.19 Vel/(gYa)"0.5, Froude Number of approach flow upstream of the abutment
Ve = 1.10 0.89 m/s Qel/Ae
Qe = 1.492 62.001 m”3/s Flow obstructed by the abutment and approach embankment
Ya= 0.58 219 m Ae/L, Average depth of flow on the floodplain

= 2.3432 31713 m

Length of embankment projected normal to the flow

Table 7.1. Abutment Shape Coefficients.
Descripticn K,
Wertical-wall abutment 1.00
Wertical-wall abutment with wing walls 0.82
Spill-through abutment 0.55

Saction A - A'

(&) Spill Through

Section A - &' Saction A - A'

(b) Vertical Wall (c) Vertical Wall with
Flarsd Wingwalls

Figure 7.6, Abutment shape.

/4

L _q. /4

| |

_,./\9

4

=y
(%]
2
2| | Hgual Cq

nveyance Tubes

i

Figure 7.5. Orientation of embankment angle, 8, to the flow.

Figure 7.4. Determination of length of embankment blocking live flow for abutment
scour estimation.

Bridge No. 01224
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HIRE Live-Bed Abutment Scour Equation

Applicability check:

YY1 =
LEFT
Ys = N/A
K1 = 0.82
K2 = 0.91
Y1=
Fr= 0.46

Bridge No. 01224

4 Fr®® K,/055 K,=

RIGHT
N/A m
0.82
1.00

m
0.19

LY, =

Scour depth

LEFT RIGHT
1 10 Use HIRE Eqg. only if L/Y ; > 25
N/A NA - Eq. 7.1

(N/A if LY, < 25)

Coeffcient for abutment shape (see Table 7.1 on RIGHT)

(6/90) °**, Coefficient for angle of embankment to flow

Depth of flow at the abutment on the overbank or in the main channel,
Ve/(gYa)"0.5, Froude Number of approach flow upstream of the abutment
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Cross Sections Used for Local Abutment Scour Computations

APPROACH SECTION 1227
Mad River, 151-273, Metric Plan: PROPOSED (New Surwey), ConnDOT Q
RS = 1277 Between |-84 / Pedestrian bridges (FEMA Sta 5134, Sec AD)
Sle Se N
.04 02108 .04 .08 .04 .08
I e L s e
WS 500 Year
4 ————
0m/s
1124 measured immediate upstream 1m/s
of the brige using the flood 2mls
boundary delineation map e
N
< L 4 m/s
1104 h Ground
L P Ll Ineff
al Ll L]
Bank Sta
E
§
g 108
) I T "
106 . :
Estimated as Width of the
conveyance tube directly upstream
of 'the abutment x Number of
Conveyance Tubes obstructed by
104 the embankment
102 " T T T T T |
-40 0 0 20 40 60 80 100
Station (m)
BRIDGE SECTION 12145BR U
Mad River, 151-27B, Metric Plan: PROPOSED (New Surwey), ConnDOT Q
RS =1214.5 BR Proposed I-84 Bridge No. 01224
Sl N
.0 .%.oz{(—.m 0 .08 ]
1147 g Legend
N WS 500 Year|
0.5 m/s
1.0 m/s
112+
1.5 m/s
] 2.0 m/s
I
2.5m/s
I
3.0 m/s
1109 —
3.5 m/s
Ground
=S Ineff
E’ L]
_% 1084 Bank Sta
k4
w
N A
106
3.42m
104+ \
102 T T T T T T |
-40 20 0 20 40 60 80 100
Station (m)
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UPSTREAM APPROACH CHANNEL SECTION River Station Event. _ [500-YR
CROSS SECTION OUTPUT Use the same data as in the contraction scour computation? |No except channel stations
Plan: PR_DOT Mad River Reach 1 RS: 1277 Profile: 500 Year
E.G. Elev (m) 108.82 Element Left OB Channel Right OB Total
Vel Head (m) 0.15 Wt. n-Val. 0.025 0.06 0.076
W.S. Elev (m) 108.67 Reach Len. (m) 18.58 18.58 18.58
Crit W.S. (m) 107.2 Flow Area (m2) 10.11 99.87 64.08
E.G. Slope (m/m) 0.002089 Area (m2) 10.11 99.87 71.66 181.64
Q Total (m3/s) 269.01 Flow (m3/s) 23.63 181.12 64.26
Top Width (m) 76.68 Top Width (m) 6.55 26.06 44.07
Vel Total (m/s) 1.55 Avg. Vel. (m/s) 2.34 1.81 1
Max Chl Dpth (m) 4.86 Hydr. Depth (m) 1.54 3.83 2.14 2.37 Flow dis. manual
Conv. Total (m3/s) 5885.4 Conv. (m3/s) 517 3962.7 1405.8 Left WS Sta. -24.07 -23.14
Length Wtd. (m) 18.58 Wetted Per. (m) 7.41 26.98 30.14 Left Flood Sta. -21.92
Min Ch EI (m) 103.81 Shear (N/m2) 27.95 75.85 43.55 Left Abutmnt Sta. -20.80
Alpha 1.23 Stream Power (N/m s) 4022.22 0 0 Right Abutmnt Sta. 11.45
Frctn Loss (m) 0.04 Cum Volume (1000 m3) 21.88 34.58 3.66 Right Flood Sta. 33.8 25.40
C & E Loss (m) 0.08 Cum SA (1000 m2) 37.95 11.52 7.52 Right WS Sta. 40.6 43.16
8.233865 L' (left) 1.1232 L (left) 2.3432
FLOW DISTRIBUTION IN CROSS SECTION OUTPUT L' (Right) 13.9500 L (Right) 31.713
w1 Q1, Qe Area ) Y1 Vi
LEFT 1.492 1.3548
Main 32.2438 205.527 110.7682 3.44 1.86
Right 62.001 69.507
Plan: PR_DOT Mad River Reach 1 RS: 1277 Profile: 500 Year
Pos Left Sta Right Sta Flow Area W.P. Percent  Hydr Velocity  Shear
(m) (m) (m3/s) (m2) (m) Conv Depth(m) (m/s) (N/m2)
1L0B -24.07 -21.92 0.01 0.06 0.72 0 0.65 0.2 1.56
2 LOB -21.92 -19.76 2.85 2.49 2.37 1.06 1.16 1.14 21.6
3 LOB -19.76 -17.61 8.21 3.7 2.16 3.05 1.72 2.22 35.07
4 LOB -17.61 -15.45 12.56 3.86 2.16 4.67 1.79 3.26 36.65
5 Chan -15.45 -12.84 7.66 6.45 2.91 2.85 2.47 1.19 45.33
6 Chan -12.84 -10.24 9.12 9.1 2.69 3.39 3.49 1 69.16
7 Chan -10.24 -7.63 13.99 9.83 2.63 5.2 3.77 1.42 76.56
8 Chan -7.63 -5.03 25.56 11.09 2.66 9.5 4.26 231 85.28
9 Chan -5.03 -2.42 30.4 12.25 2.63 11.3 4.7 2.48 95.28
10 Chan -2.42 0.19 30.17 12.17 2.62 11.22 4.67 2.48 95.06
11 Chan 0.19 2.79 30.1 12.13 2.61 11.19 4.65 2.48 95.31
12 Chan 2.79 5.4 18.77 10.61 2.93 6.98 4.07 1.77 74.22
13 Chan 5.4 8 8.56 8.69 2.64 3.18 3.33 0.99 67.38
14 Chan 8 10.61 6.8 7.56 2.64 2.53 2.9 0.9 58.69
15 ROB 10.61 134 7.53 7.11 2.81 2.8 2.55 1.06 51.92
16 ROB 13.4 20.2 16.09 15.99 6.8 5.98 2.35 1.01 48.13
17 ROB 20.2 27 13.98 14.69 6.8 5.2 2.16 0.95 44.25
18 ROB 27 33.8 13.22 14.21 6.8 4.92 2.09 0.93 42.8
19 ROB 33.8 40.6 13.44 12.07 6.92 5 1.78 1.11 35.73
20 ROB 40.6 47.83 0 1.46 2.8 0 0.57 0 10.71
21 ROB 47.83 55.07 0 4.04 6.64 0 0.62 0 12.48
22 ROB 55.07 62.3 0 2.07 5.05 0 0.42 0 8.42
Left Right
Computed L' = W X #ype = 4.32 13.95
Width of Tube at Embankment 2.16 2.79
No. of Tubes on overbank 2 5

Power
(N/m s)

0.31
24.72
77.77

119.31
53.88
69.32

108.91

196.58

236.46

235.56

236.58

131.38
66.38
52.73
54.95
48.43
42.09
39.82
39.78

0
0
0





Reconstruction 1-84, Waterbury, CT

Conn

DOT Project 151-273

Final Scour Renort. Rridae No. 01224

Soil Sample Analysis (Streambed Material)

U.S. SIEVE QPENING IN MILLIMETERS [ U.S. SIEVE NUMBERS i
ol 50'533.125‘79,: LA L % o S
100 { i : W i LW E i S [T
a5 ‘a’f'\‘} L = L
. WAL L
- diIn | 5 A\ |
W : i 01224
20 : : ; ¥
" 3\ 1B \\ : 2 034 lo05774 & 06284 §7
' L3 [ 34 0691 H
 \ : z ih RS
% v i g3
& A\ :
A - VIl i
= ; : : :
£ o ; : 1
2 1 T eiis
= a N T i :
= 45 q ; ’ ;
E i\ 8 f :
S 4w E\ k\i : ;
= : g ; : _
o 25 N\ A i :
t N : 8
- z \&\ i1 :
s 2NN 1714 :
= f i SRl
15 : :
10 AN
) N :
a . L, B[]
100 10 1 2.1 : 301 0,001
GRAIN SiZE IN MILLIMETERS
COBBLES {:EDGS;\‘VEL —— - % SAND % FINES
COARSE] OARSE FINE % SILT % CLAY
. 14.3 324 | 143 14.8 18.0 4.7 nl.: X
Ld 0.0 2.4 1.5 1.1 232 88.5 22
a 9.0 1203 | 245 23.3 170 7.2 05
Expl. No. __Sampie No. Depth (m) L PL PL_ ™™ ce | cu b
° . >
2 ':-': 1 5.2 1.04 | 5102
i -~ 2 212 117 1238 -
3 - 5.6 1.46 2248
3 Sampie Description ’ ”
=8® _ Brown coarse to fine GRAVEL, littfe cobhbles, fittle coarse sand trace fine sand
2| _Light brown coarse to fine SAND, trace coarse to fine gravel, trace sift
2. _Orange brown coarse to fine GRAVEL, little coarse sand, trace fine sand
Remarks ‘
ll | Waterbury, Conneczicut
State Project N
= GRAIN SiZE DISTRIBUTION
3 Date: 1241772000 File No.: $7313-100
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Appendix C: Riprap Revetment Calculations

Based on the 100- and 500-Year DOT Design Discharges

e 100-YR

©)

©)

Upstream of Bridge (RS 1277)

Inside the Bridge — Upstream End (RS 1214.5 BR U)
Inside the Bridge — Downstream End (RS 1214.5 BR D)
Downstream of Bridge (RS 1162)

Downstream of Bridge (RS 1153)

e 500-YR

(@]

(@]

o

Upstream of Bridge (RS 1277)

Inside the Bridge — Upstream End (RS 1214.5 BR U)
Inside the Bridge — Downstream End (RS 1214.5 BR D)
Downstream of Bridge (RS 1162)

Downstream of Bridge (RS 1153)

e ACOE, EM 1110-2-1601 Method

o Filter Layer Check

©)

©)

©)

Standard Riprap to Granular Fill
Granular Fill to native material

Soil Sample Analysis (channel bank, using S4-3)





Connecticut Department of Transportation

Project No. 151-273 (Br.#01224) Prepared by WS Date  Oct. 2013
Route No. 1-84 Checked by Date

Town Waterbury Stream Mad River
Discharge 100 Year Unit Metric

Riprap Revetment Design Based on HEC-11

avg

Average velocity (Va) and Average flow depth(d ave) in main channel

Cross Section No. 1277 Va (m/s)= 1.84
Flow Area (sq.m)= 116.03 Top Width (m)=  62.43
d avg (m) =| 1.86 |
Bank angle (degrees)
Side Slope= 2:1 0=[ 266 |
Riprap Class ) K, D5 Acceptable Range | Check
Modified 41.2 0.7342 0.04 d50 < 0.13m G
Intermediate 41.6 0.7391 0.04 0.13m<d50<0.20m G
Standard 41.8 0.7415 0.04 0.20m<d50<0.38m G
Other 42 0.7438 0.04 d50>0.38m

Assumed Specific Gravity of Rock Riprap = 2.65

Angle of Repose (degrees)= @

Bank Stability Factor =K1

Median riprap particle size (m) for Stabilty Factor of 1.2 = D50
use larger Stability Factor if applying at channel bends

Stability Factors (SF) and Correction Factor (C)

SF Cql Dso(®@=41.2) Dy, (@ = 41.6) Dy, (@ = 41.8) Dgo|®@ = 42

1.0 0.76 0.03 0.03 0.03 0.03
11 0.88 0.04 0.04 0.04 0.04
12 1.00 0.04 0.04 0.04 0.04
13 113 0.05 0.05 0.05 0.05
1.4 1.26 0.05 0.05 0.05 0.05
15 1.40 0.06 0.06 0.06 0.06
16 154 0.07 0.07 0.07 0.07
17 1.69 0.07 0.07 0.07 0.07
18 1.84 0.08 0.08 0.08 0.08
1.9 1.99 0.09 0.09 0.08 0.08
2.0 2.15 0.09 0.09 0.09 0.09

Recommendation:  Standard Riprap is adequate

Bridge No. 01224 Appendix C





Connecticut Department of Transportation

Project No. 151-273 (Br.#01224) Prepared by WS Date  Oct. 2013
Route No. 1-84 Checked by Date

Town Waterbury Stream Mad River
Discharge 100 Year Unit Metric

Riprap Revetment Design Based on HEC-11

Ds, =0.00594 Va/(d,,0.5 K, %) Cy

Average velocity (Va) and Average flow depth(d ave) in main channel

Cross Section No. 12145 BR U Va (m/s)= 2.89
Flow Area (sq.m)= 61.19 Top Width (m)=  25.10
d avg (m) =| 2.44 |
Bank angle (degrees)
Side Slope= 2:1 0= 266 |
Riprap Class ) K, D, Acceptable Range | Check
Modified 41.2 0.7342 0.15 d50 < 0.13m NG
Intermediate 41.6 0.7391 0.14 0.13m<d50<0.20m G
Standard 41.8 0.7415 0.14 0.20m<d50<0.38m G
Other 42 0.7438 0.14 d50>0.38m

Assumed Specific Gravity of Rock Riprap = 2.65

Angle of Repose (degrees)= @

Bank Stability Factor =K1

Median riprap particle size (m) for Stabilty Factor of 1.2 = D50
use larger Stability Factor if applying at channel bends

Stability Factors (SF) and Correction Factor (C)

SF Cql Do (@ =41.2) Dgo (@ = 41.6) Dso (@ = 41.8) Dg|® = 42

1.0 0.76 0.11 0.11 0.11 0.11
11 0.88 0.13 0.13 0.13 0.13
12 1.00 0.15 0.14 0.14 0.14
13 113 0.16 0.16 0.16 0.16
14 1.26 0.18 0.18 0.18 0.18
15 1.40 0.20 0.20 0.20 0.20
16 154 0.22 0.22 0.22 0.22
17 1.69 0.25 0.24 0.24 0.24
18 1.84 0.27 0.27 0.26 0.26
1.9 1.99 0.29 0.29 0.29 0.29
2.0 2.15 0.31 0.31 0.31 0.31

Recommendation:  Standard Riprap is adequate
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Connecticut Department of Transportation

Project No. 151-273 (Br.#01224) Prepared by WS Date  Oct. 2013
Route No. 1-84 Checked by Date

Town Waterbury Stream Mad River
Discharge 100 Year Unit Metric

Riprap Revetment Design Based on HEC-11

avg

Average velocity (Va) and Average flow depth(d ave) in main channel

Cross Section No.  1214.5 BRD Va (m/s)= 2.85
Flow Area (sq.m)= 62.13 Top Width (m)=  25.56
d avg (m) =| 2.43 |
Bank angle (degrees)
Side Slope= 2:1 0= 266 |
Riprap Class ) K, D5 Acceptable Range | Check
Modified 41.2 0.7342 0.14 d50 < 0.13m NG
Intermediate 41.6 0.7391 0.14 0.13m<d50<0.20m G
Standard 41.8 0.7415 0.14 0.20m<d50<0.38m G
Heavy Riprap 42 0.7438 0.14 d50>0.38m

Assumed Specific Gravity of Rock Riprap = 2.65

Angle of Repose (degrees)= @

Bank Stability Factor =K1

Median riprap particle size (m) for Stabilty Factor of 1.2 = D50
use larger Stability Factor if applying at channel bends

Stability Factors (SF) and Correction Factor (C)

SF Cql Dg(@=412) Deo (@ = 41.6) Dso (@ = 41.8) Dgo| @ = 42

1.0 0.76 0.11 0.11 0.11 0.10
11 0.88 0.12 0.12 0.12 0.12
12 1.00 0.14 0.14 0.14 0.14
13 113 0.16 0.16 0.16 0.16
14 1.26 0.18 0.17 0.17 0.17
15 1.40 0.20 0.19 0.19 0.19
16 154 0.22 0.21 0.21 0.21
17 1.69 0.24 0.23 0.23 0.23
1.8 1.84 0.26 0.25 0.25 0.25
19 1.99 0.28 0.28 0.28 0.27
2.0 2.15 0.30 0.30 0.30 0.30

Recommendation:  Standard Riprap is adequate
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Connecticut Department of Transportation
Project No. 151-273 (Br.#01224) Prepared by WS Date  Oct. 2013
Route No. 1-84 Checked by Date
Town Waterbury Stream Mad River
Discharge 100 Year Unit Metric
Riprap Revetment Design Based on HEC-11
Dy =0.00594 Va3/(d,,,0.5 K, %) Cy;
Average velocity (Va) and Average flow depth(d ave) in main channel
Cross Section No. 1162 Va (m/s)= 3.36
Flow Area (sq.m)= 52.47 Top Width (m)=  20.63
d avg (m) =| 2.54 |
Bank angle (degrees)
Side Slope= 2:1 0= 266 |
Riprap Class 0] K, D5 Acceptable Range | Check
Modified 41.2 0.7342 0.22 d50 < 0.13m NG
Intermediate 41.6 0.7391 0.22 0.13m<d50<0.20m NG
Standard 41.8 0.7415 0.22 0.20m<d50<0.38m G
Other 42 0.7438 0.22 d50>0.38m
Assumed Specific Gravity of Rock Riprap = 2.65
Angle of Repose (degrees)= @
Bank Stability Factor =K1
Median riprap particle size (m) for Stabilty Factor of 1.2 = D50
use larger Stability Factor if applying at channel bends
Stability Factors (SF) and Correction Factor (Cg)
SF Cg| Dso(®=41.2) Dso (@ = 41.6) Dso (@ = 41.8) Dso| @ = 42
1.0 0.76 0.17 0.17 0.17 0.17
1.1 0.88 0.20 0.20 0.19 0.19
1.2 1.00 0.22 0.22 0.22 0.22
1.3 1.13 0.25 0.25 0.25 0.25
1.4 1.26 0.28 0.28 0.28 0.28
1.5 1.40 0.31 0.31 0.31 0.31
1.6 1.54 0.35 0.34 0.34 0.34
1.7 1.69 0.38 0.37 0.37 0.37
1.8 1.84 0.41 0.41 0.41 0.40
1.9 1.99 0.45 0.44 0.44 0.44
2.0 2.15 0.48 0.48 0.48 0.47
Recommendation:  Standard Riprap is adequate
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Connecticut Department of Transportation

Project No. 151-273 (Br.#01224) Prepared by WS Date  Oct. 2013
Route No. 1-84 Checked by Date
Town Waterbury Stream Mad River
Discharge 100 Year Unit Metric
Riprap Revetment Design Based on HEC-11
Dy =0.00594 Va3/(d,,;0.5 K, 1% ) Cy;
Average velocity (Va) and Average flow depth(d ave) in main channel
Cross Section No. 1153 Va (m/s)= 4.56
Flow Area (sq.m)= 38.85 Top Width (m)=  18.29
davg (m) =| 2.12 |
Bank angle (degrees)
Side Slope= 2:1 0= 266 ]
Riprap Class ) K, D5 Acceptable Range | Check
Modified 41.2 0.7342 0.61 d50 < 0.13m NG
Intermediate 41.6 0.7391 0.61 0.13m<d50<0.20m NG
Standard 41.8 0.7415 0.61 0.20m<d50<0.38m NG
Other 42 0.7438 0.60 d50>0.38m See Below
Assumed Specific Gravity of Rock Riprap = 2.65
Angle of Repose (degrees)= @
Bank Stability Factor =K1
Median riprap particle size (m) for Stabilty Factor of 1.2 = D50
use larger Stability Factor if applying at channel bends
Stability Factors (SF) and Correction Factor (C)
SF Cq| Dso(®=412) Do (@ = 41.6) Dy (@ = 41.8) Do ® = 42
1.0 0.76 0.47 0.46 0.46 0.46
1.1 0.88 0.54 0.53 0.53 0.53
1.2 1.00 0.61 0.61 0.61 0.60
1.3 1.13 0.69 0.69 0.68 0.68
1.4 1.26 0.77 0.77 0.76 0.76
1.5 1.40 0.86 0.85 0.85 0.84
1.6 1.54 0.95 0.94 0.93 0.93
1.7 1.69 1.04 1.03 1.02 1.02
1.8 1.84 1.13 1.12 1.11 1.11
1.9 1.99 1.22 1.21 1.21 1.20
2.0 2.15 1.32 1.31 1.30 1.30

Recommendation:

The minimum d50 required for SF of 1 is 0.6 m, as computed above. The existing

stream banks are protected with larger stones (in the range of 0.5 to 1 m) than

Standard Riprap, and appear stable. The computed max. 100-yr flow velocity for

the proposed condition is lower than that of the existing condition for the area

downstream of the bridge. Therefore, the exsting revetment is deemed adequate.

Bridge No. 01224

Appendix C






Connecticut Department of Transportation

Project No. 151-273 (Br.#01224) Prepared by WS Date  Oct. 2013
Route No. 1-84 Checked by Date

Town Waterbury Stream Mad River
Discharge 500 Year Unit Metric

Riprap Revetment Design Based on HEC-11

avg

Average velocity (Va) and Average flow depth(d ave) in main channel

Cross Section No. 1277 Va (m/s)= 1.81
Flow Area (sq.m)= 174.06 Top Width (m)=  62.60
d avg (m) =| 2.78 |
Bank angle (degrees)
Side Slope= 2:1 0=[ 266 |
Riprap Class ) K, D5 Acceptable Range | Check
Modified 41.2 0.7342 0.03 d50 < 0.13m G
Intermediate 41.6 0.7391 0.03 0.13m<d50<0.20m G
Standard 41.8 0.7415 0.03 0.20m<d50<0.38m G
Other 42 0.7438 0.03 d50>0.38m

Assumed Specific Gravity of Rock Riprap = 2.65

Angle of Repose (degrees)= @

Bank Stability Factor =K1

Median riprap particle size (m) for Stabilty Factor of 1.2 = D50
use larger Stability Factor if applying at channel bends

Stability Factors (SF) and Correction Factor (C)

SF Cql Dso(®@=41.2) Dy, (@ = 41.6) Dy, (@ = 41.8) Dgo|®@ = 42

1.0 0.76 0.03 0.03 0.03 0.03
11 0.88 0.03 0.03 0.03 0.03
12 1.00 0.03 0.03 0.03 0.03
13 113 0.04 0.04 0.04 0.04
1.4 1.26 0.04 0.04 0.04 0.04
15 1.40 0.05 0.05 0.05 0.05
16 154 0.05 0.05 0.05 0.05
17 1.69 0.06 0.06 0.06 0.06
18 1.84 0.06 0.06 0.06 0.06
1.9 1.99 0.07 0.07 0.07 0.07
2.0 2.15 0.07 0.07 0.07 0.07

Recommendation:  Standard Riprap is adequate

Bridge No. 01224 Appendix C





Connecticut Department of Transportation

Project No. 151-273 (Br.#01224) Prepared by WS Date  Oct. 2013
Route No. 1-84 Checked by Date

Town Waterbury Stream Mad River
Discharge 500 Year Unit Metric

Riprap Revetment Design Based on HEC-11

Ds, =0.00594 Va/(d,,0.5 K, %) Cy

Average velocity (Va) and Average flow depth(d ave) in main channel

Cross Section No. 12145 BR U Va (m/s)= 3.10
Flow Area (sq.m)= 87.31 Top Width (m)=  28.27
d avg (m) =| 3.09 |
Bank angle (degrees)
Side Slope= 2:1 0= 266 |
Riprap Class ) K, D, Acceptable Range | Check
Modified 41.2 0.7342 0.16 d50 < 0.13m NG
Intermediate 41.6 0.7391 0.16 0.13m<d50<0.20m G
Standard 41.8 0.7415 0.16 0.20m<d50<0.38m G
Other 42 0.7438 0.16 d50>0.38m

Assumed Specific Gravity of Rock Riprap = 2.65

Angle of Repose (degrees)= @

Bank Stability Factor =K1

Median riprap particle size (m) for Stabilty Factor of 1.2 = D50
use larger Stability Factor if applying at channel bends

Stability Factors (SF) and Correction Factor (C)

SF Cql Do (@ =41.2) Dgo (@ = 41.6) Dso (@ = 41.8) Dg|® = 42

1.0 0.76 0.12 0.12 0.12 0.12
11 0.88 0.14 0.14 0.14 0.14
12 1.00 0.16 0.16 0.16 0.16
13 113 0.18 0.18 0.18 0.18
14 1.26 0.20 0.20 0.20 0.20
15 1.40 0.22 0.22 0.22 0.22
16 154 0.25 0.24 0.24 0.24
17 1.69 0.27 0.27 0.27 0.26
18 1.84 0.29 0.29 0.29 0.29
1.9 1.99 0.32 0.32 0.31 0.31
2.0 2.15 0.34 0.34 0.34 0.34

Recommendation:  Standard Riprap is adequate

Bridge No. 01224 Appendix C





Connecticut Department of Transportation

Project No. 151-273 (Br.#01224) Prepared by WS Date  Oct. 2013
Route No. 1-84 Checked by Date

Town Waterbury Stream Mad River
Discharge 500 Year Unit Metric

Riprap Revetment Design Based on HEC-11

avg

Average velocity (Va) and Average flow depth(d ave) in main channel

Cross Section No.  1214.5 BRD Va (m/s)= 3.03
Flow Area (sq.m)= 88.82 Top Width (m)=  28.56
d avg (m) =| 3.11 |
Bank angle (degrees)
Side Slope= 2:1 0= 266 |
Riprap Class ) K, D5 Acceptable Range | Check
Modified 41.2 0.7342 0.15 d50 < 0.13m NG
Intermediate 41.6 0.7391 0.15 0.13m<d50<0.20m G
Standard 41.8 0.7415 0.15 0.20m<d50<0.38m G
Heavy Riprap 42 0.7438 0.15 d50>0.38m See Below

Assumed Specific Gravity of Rock Riprap = 2.65

Angle of Repose (degrees)= @

Bank Stability Factor =K1

Median riprap particle size (m) for Stabilty Factor of 1.2 = D50
use larger Stability Factor if applying at channel bends

Stability Factors (SF) and Correction Factor (C)

SF Cg| Dso(®@=41.2) Dso (@ = 41.6) Dso (@ = 41.8) Dgo|® = 42
1.0 0.76 0.11 0.11 0.11 0.11
1.1 0.88 0.13 0.13 0.13 0.13
1.2 1.00 0.15 0.15 0.15 0.15
1.3 1.13 0.17 0.17 0.17 0.16
1.4 1.26 0.19 0.19 0.18 0.18
15 1.40 0.21 0.21 0.21 0.20
1.6 1.54 0.23 0.23 0.23 0.22
1.7 1.69 0.25 0.25 0.25 0.25
1.8 1.84 0.27 0.27 0.27 0.27
1.9 1.99 0.30 0.29 0.29 0.29
2.0 2.15 0.32 0.32 0.32 0.31
Recommendation: The minimum d50 required for SF of 1 is 0.5 m, as computed above.

The existing stream banks are protected with larger stones (in the range of 0.5

to 1 m) than Standard Riprap, and appear stable. The computed 500-year

flow velocity for the proposed condition is lower than that of the existing

condition. Therefore, the exsting revetment is deemed adequate.

Bridge No. 01224 Appendix C





Connecticut Department of Transportation

Project No. 151-273 (Br.#01224) Prepared by WS Date  Oct. 2013
Route No. 1-84 Checked by Date

Town Waterbury Stream Mad River
Discharge 500 Year Unit Metric

Riprap Revetment Design Based on HEC-11

Ds, =0.00594 Va¥/(d,,0.5 K %) Cy

Average velocity (Va) and Average flow depth(d ave) in main channel

Cross Section No. 1162 Va (m/s)= 4.46
Flow Area (sq.m)= 58.54 Top Width (m)=  21.03
d avg (m) =| 2.78 |
Bank angle (degrees)
Side Slope= 2:1 0=[ 266 |
Riprap Class 0] K, D5 Acceptable Range | Check
Modified 41.2 0.7342 0.50 d50 < 0.13m NG
Intermediate 41.6 0.7391 0.50 0.13m<d50<0.20m NG
Standard 41.8 0.7415 0.49 0.20m<d50<0.38m NG
Other 42 0.7438 0.49 d50>0.38m See Below

Assumed Specific Gravity of Rock Riprap = 2.65

Angle of Repose (degrees)= @

Bank Stability Factor =K1

Median riprap particle size (m) for Stabilty Factor of 1.2 = D50
use larger Stability Factor if applying at channel bends

Stability Factors (SF) and Correction Factor (Cg)

SF Cq| Dso(®@=41.2) Deo (® = 41.6) Dso (@ = 41.8) Deo|® = 42
1.0 0.76 0.38 0.38 0.38 0.37
1.1 0.88 0.44 0.44 0.43 0.43
1.2 1.00 0.50 0.50 0.49 0.49
1.3 1.13 0.57 0.56 0.56 0.56
1.4 1.26 0.63 0.63 0.62 0.62
15 1.40 0.70 0.69 0.69 0.69
1.6 1.54 0.77 0.77 0.76 0.76
1.7 1.69 0.85 0.84 0.83 0.83
1.8 1.84 0.92 0.91 0.91 0.90
1.9 1.99 1.00 0.99 0.99 0.98
2.0 2.15 1.08 1.07 1.06 1.06
Recommendation: The minimum d50 required for SF of 1 is 0.4 m, as computed above.

The existing stream banks are protected with larger stones (in the range of 0.5

to 1 m) than Standard Riprap, and appear stable. The computed 500-year

flow velocity for the proposed condition is lower than that of the existing

condition. Therefore, the exsting revetment is deemed adequate.
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Connecticut Department of Transportation

Project No. 151-273 (Br.#01224) Prepared by WS Date  Oct. 2013
Route No. 1-84 Checked by Date
Town Waterbury Stream Mad River
Discharge 500 Year Unit Metric
Riprap Revetment Design Based on HEC-11
Dy =0.00594 Va3/(d,,;0.5 K, 1% ) Cy;
Average velocity (Va) and Average flow depth(d ave) in main channel
Cross Section No. 1153 Va (m/s)= 4.82
Flow Area (sq.m)= 52.43 Top Width (m)=  18.41
davg (m) =| 2.85 |
Bank angle (degrees)
Side Slope= 2:1 0= 266 ]
Riprap Class ) K, D5 Acceptable Range | Check
Modified 41.2 0.7342 0.63 d50 < 0.13m NG
Intermediate 41.6 0.7391 0.62 0.13m<d50<0.20m NG
Standard 41.8 0.7415 0.62 0.20m<d50<0.38m NG
Other 42 0.7438 0.61 d50>0.38m See Below
Assumed Specific Gravity of Rock Riprap = 2.65
Angle of Repose (degrees)= @
Bank Stability Factor =K1
Median riprap particle size (m) for Stabilty Factor of 1.2 = D50
use larger Stability Factor if applying at channel bends
Stability Factors (SF) and Correction Factor (C)
SF Cq| Dso(®=412) Do (@ = 41.6) Dy (@ = 41.8) Do ® = 42
1.0 0.76 0.48 0.47 0.47 0.47
1.1 0.88 0.55 0.54 0.54 0.54
1.2 1.00 0.63 0.62 0.62 0.61
1.3 1.13 0.71 0.70 0.70 0.69
1.4 1.26 0.79 0.78 0.78 0.77
1.5 1.40 0.88 0.87 0.86 0.86
1.6 1.54 0.96 0.96 0.95 0.95
1.7 1.69 1.06 1.05 1.04 1.04
1.8 1.84 1.15 1.14 1.13 1.13
1.9 1.99 1.25 1.24 1.23 1.22
2.0 2.15 1.35 1.33 1.33 1.32

Recommendation:

The minimum d50 required for SF of 1 is 0.6 m, as computed above. The existing

stream banks are protected with larger stones (in the range of 0.5 to 1 m) than

Standard Riprap, and appear stable. The computed max. 500-yr flow velocity for

the proposed condition is lower than that of the existing condition for the area

downstream of the bridge. Therefore, the exsting revetment is deemed adequate.

Bridge No. 01224

Appendix C






U.S. Army Corps of Engineers Procedure

This procedure is based on the U.S. Army Corps of Engineers' Hydraulic Design of Flood
Control Channels, EM 1110-2-1601, July 1, 1991. The procedure is based on depth-averaged
local velocity. The basic equation is:

D3o=S¢ Cs Cy Crd {[(yw/ (ys - vw)]1” [V / (Ki g d) “1}>° (Equation 3-3)
where,
Variable |Variable Description Q100 Q500 Notes
S¢ safety factor 1.1 1.0
stability coefficient for 0.375 for rounded, 0.30 for
Cy S ) 0.3 0.3
incipient failure angular stone
vertical velocit =1.283 - 0.2 log (R/W) for
O | Coé’ﬁicient 1.1 1.1 outside of bends (= 1 for
R/W > 26)
R center-line radius of 100 m 100 m
bend
water-surface width 18.29 m 18.41 m main channel only
. - =1 if thickness = 1D (or
Cr thickness coefficient 1.0 1.0
1.5Ds,)
d  |local depth of flow 212 m 285 m  |fromHEC-RAS at cross
section 1153
Yaw unit weight of water 1000 kg/m’ 1000 kg/m’
s unit weight of stone 2643 kg/m® 2643 kg/m’ |= 165 pcf
v local Fjepth-averaged 456 mis 482 mis from HEC-RAS at cross
velocity section 1153
Vi design velocity 456 m/s 4.82 m/s Use Lixcal velooiby |v
K, side slope correction 0.7415 07415 Side Slope = 2:1
factor Repose angle ®(°)= 41.8
g gravitational constant 9.81 m/s> 9.81 m/s>
D;, riprap size 0.62 m 0.60 m using Equation 3-3
Dy 0.74 m 0.72 m

Page 2-13 recommends that to maintain tranquil flow through curves in the watercourse
the ratio of the curve radius to channel width be 3 or greater. Therefore,

Q100 Q500 Notes
R/W = 5.5 5.4 > 3 for tranquil flow

R/W is greater than 3, thus, the flow is tranquil for Q100
R/W is greater than 3, thus, the flow is tranquil for Q500

From Table 3-1 the recommended gradation, assuming y = 165 pcfis:

(linearly interpolated)

Riprap Size (m)
Q100 Q500
(D 0.62 0.60
Dy, 0.90 0.87
Dioo 1.27 1.24






CONNECTICUT DEPARTMENT OF TRANSPORTATION

Desgin Freq.: 100-YR

Project No. 151-273 Prepared by WS Date Oct. 2013
Route No. 1-84 Checked by Date
Town Waterbury Stream Mad River

Supporting File:Refer to Appendix C of NCHRP_Report 568 ( Click link)
..\Manuals & Publications\NCHRP\Riprap Design Criteria, Recommer pages C-1 to C-36 of Report 568

MINIMUM FREEBOARD
2 FT.(06 m)

ESIGN_HIGH WATER

 GEOTEXTILE
OR GRANULAR
FILTER IRIPRAP MOUND HEIGHT = ¥

e, |DESIRED TOE DOWN DEPTH,
AMBIENT BED ELEVATION A

-LMIT OF
REVETMENT ~ RIPRAP MOUND THICKNESS =
2 LAYER THICKNESS ON SLOPE

SECTION A-A'
PLAN VIEW (REVETMENT RIPRAP_SHOWING
MOUNDED TOE SLOPE TERMINATION)
MINIMUM FREEBOARD SECTION A-A' MINIMUM _RIPRAP
2FT.(06 m) (REVETMENT RIPRAP_SHOWING THICKNESS () = LARGER

TOE PE TERMINATION)
1 OE DOWN SLOPE TEI ION) KEY TRENCH OF (15d QR d )

F !
i 558
AMBIENT BED ELEVATION ¥ i

5/ DESIGN HIGH WATER

GEOTEXTILE
OR GRANULAR
FILTER

FILTER
TOE DOWN RIPRAP TO

MINIMUM RIPRAP MAXIMUM SCOUR DEPTH gggg&g&o

THICKNESS = LARGER
OF (15d ORd _, ¥
MAXIMUM SCOUR DEPTH = SECTION B-B'
(CONTRACTION SCOUR) + (LONG-TERM DEGRADATION) + (TOE SCOUR)

L maxinum
SLOPE = 1V:1.5H

REVETMENT
RIPRAP

&

RevetmentRogn | May 2006 |

DESIGN PARAMETERS

Note: C;=1 is recommended because it is based on very limited data(as a function of the uniformity ratio dgs/d;s)
Enter g=9.81m/s” and Sg=2.65 as given

Cross Section No. 1153 Bank Angle (degrees) 0 =| 26.6 |

Side Slope = 2: 1 Ave. channel velocity Vave= 4.56 m/s
Rc  Centerline Radius= 100 m Flow depth at bank toe y= 2.12 m
W Width of W.S = 18.29 m Blanket thickness coef. Cy= 1

Rc/W= | 5.467469| Sp. Gravity of riprap S¢= 2.65
S= Safety factor 1.1 Acceleration due to gravity g= 9.81 m/s’

Side slope Correction factor or select

K= 1- | Sin(06- 14% [** = 0.87 from graph on Plate B-39 of EM 1601
Sin (329
Cs= 0.3 =0.30 forangular rock Stability Coefficient (for blanket thickness
=0.375 for rounded rock = dygo Or 1.5dsq , Whichever is greater

and uniformity ratio dgs/d;s= 1.7 t0 5.2)

Velocity distribution Coefficient
Cv= 1.14 =1.0 for straight channels or the inside of bends
=1.283-0.2log(Rc/W) for the outside of bends (1 for Rc/W>26)
=1.25 downstream from concrete channels
=1.25 atthe end of dikes

Vies= 4.56 =V,,(1.74 - 0.52log(Rc/W)) for natural channels 6.18
=Vae(1.71 - 0.78log(Rc/W)) for trapezoidal channels 5.17
2.5 Note:Limition of this equation

VKt (Sq¢ - 1)gy should not be steeper than 2%

dgo= y(SfCSCVCT) Vies Longitudinal slope of the channel

dsp,= 609.6 mm (= 24 in) (=1.20xdzg m = 23.8 inches) 0.6

Minimum riprap thickness= larger of (1.5ds, or d4q0)
Select riprap in Table C8.1 go to next tab VI

Determine the depth of riprap embedment below the streambed at the toe of the bank slope
(refer to figure above)



//DOT-SDCENG01V/Hydraulics/Information and Resources/Manuals & Publications/NCHRP/Riprap Design Criteria, Recommended Specs, and Quality Control (NCHRP Report 568).pdf



Filter Layer Check
Bridge No. 01224

Riprap Filter Design

The following design is based on a method presented in HEC-15(Sl) and HEC-11(Sl).

Granular Filter Blanket
HEC-15(SI) gives the following criteria for the design of a granular filter blanket:

[(Dls)surface/ (d85)subbase] <5< [(Dls)surface/ (dls)subbase] < 40 (Equation 11)

and,

[(Dso)surface / (ds0)subbase] < 40 (Equation 12)

Geotextile Filter

For a geotextile filter HEC-15(S1) recommends the following:
For (dso)subrase > 0.075mm, use a geotextile with an AOS < 0.6mm.

For (dso)subrase < 0.075mm, use a geotextile with an AOS < 0.297mm.

Surface Material = Standard Riprap
Subbase = Granular Fill

Granular Filter

(D15)surface = 100 mm
(Dso)surface = 380 mm
(d15)subbase = 0.48 mm
(dso)subbase = 9 mm
(dgs)subbase = 64 mm

Dislartace - 1.6 Filter satisfies design criteria from Equation 11.
(dSS)subbase

Dwsdariace = 2083 Filter does not satisfy design criteria from Equation 11.
(dls)subbase

Dsodurte 42.2  Filter does not satisfy design criteria from Equation 12.
(dSO)subbase

Geotextile Filter

(d50)subbase > 0.075mm, use a geotextile with an AOS < 0.6mm.

Berger, Lehman Associates, P.C.
Wethersfield, CT

(860)571-0075
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Filter Layer Check
Bridge No. 01224

Subbase Filter Design

The following design is based on a method presented in HEC-15(Sl) and HEC-11(Sl).

Granular Filter Blanket
HEC-15(SI) gives the following criteria for the design of a granular filter blanket:

[(Dls)surface/(d85)subbase] <5< [(Dls)surface/ (dls)subbase] < 40 (Equation 11)

and,

[(Dso)surface / (ds0)subbase] < 40 (Equation 12)

Geotextile Filter
For a geotextile filter HEC-15(S1) recommends the following:

For (dso)subrase > 0.075mm, use a geotextile with an AOS < 0.6mm.

For (dso)subrase < 0.075mm, use a geotextile with an AOS < 0.297mm.

Surface Material = Granular Fill
Subbase = Native Material

Granular Filter

(D15)surface = 0.48 mm
(Dso)surface = 9 mm
(d15)subbase = 0.12 mm
(dso)subbase = 0.7 mm
(dgs)subbase = 18.5 mm

Dislartace - 0.0 Filter satisfies design criteria from Equation 11.
(dSS)subbase

Dishurte 4.0  Filter does not satisfy design criteria from Equation 11.
(dls)subbase

Osdartace = 199 Filter satisfies design criteria from Equation 12.
(dSO)subbase

Geotextile Filter

(d50)subbase > 0.075mm, use a geotextile with an AOS < 0.6mm.

Berger, Lehman Associates, P.C.
Wethersfield, CT
(860)571-0075 Appendix C





Soil Sample Analysis (Channel Bank)






U.S. SIEVE OPENING IN MILLIMETERS ! U.S. SIEVE NUMBERS | HYDROMETER
1016 508 254 127 3 6 10 16 30 50 100 200
38.1 @121 9.5 4 8

152.4 762 14 . 20 40 60 140
100 T 1T A LI O O R
e i H—
90 s : : ; T ]
8 -5 \ \ : ——
80 \ \Q o
75 i — :
70 X\
65 f f
= ! : :
5 o L s T e (T
wi ' H i h
= .= \ s | e
> 55 i T i ¢
] | \ | 11 Del
i s0 ; : : ~ 3
Z : ; ] I :
ic ot : ; :
= 45 : :
P4
UOJ 40 : : :
o H :
i | | a ;
H . H H A H
o1 BN %
25 — TN
20 X T
; b
5 : ;' :
0 : [ - : . : J
100 10 1 0.1 0.01 0.001
GRAIN SIZE IN MILLIMETERS .
% GRAVEL % SAND - i . % FINES . .
COBBLES COARSE|-MEDIUM FINE | COARSE " FINE % SILT ' ] % CLAY
] 0.0 0.0 5.0 13.3 18.7 14.9 : 48.1
b4 0.0 0.0 25.7 12.4 21.1 30.6 - 10.2
A 0.0 32.2 20.4 134 - 13.4 16.0 4.5
Expl. No.  [Sample No. Depth (m) LL PL P et Ce Cu
[ S4-2 D1 0.0-0.61 . 6.2 :
X $4-3 D1 0.0-0.61 e 6.3
A S4-7 D2 1.562-2.13 ' 4.9 0.44 106.24
. Sample Description
®| Coarse to fine SAND, some gravel, little siit - FILL
x Coarse to fine SAND, little gravel, trace siit - FILL
4| Coarse to fine GRAVEL, some sand, trace silt - FILL

CONN DOT SIEVE 913135A.GPJ US LAB.GDT 3/6/02

Remarks: . U.S. Interstate Route 84 Reconstruction

Waterbury, Connecticut -

ALDRICH State Project No.: 151-273
Glastonbury, Connacticut GRA'N SIZE DISTRlBUTlON

£
3

Date: 4/16/2001 File No.: 91313-100
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E. Del Priore SM - 001 - M REV. 1/94 BORING REPORT Hole No. S4-3
DRILLER STATE OF CONNECTIQUT Line & Station
P. Carrera DEPARTMENT OF TRANSPORTATION Offset
INSPECTOR TOWN: Waterbury, CT N. Coordinate  230905.58
Haley & Aldrich, Inc. PROJECT NAME: Reconstruction of |-84 E. Coordinate  282461.88
SOILS ENGINEER PROJECT NUMBER: State: 151-273/H&A: 91313-102 Berger, Lehman Associates, P.C.
BORING CONTRACTOR: _General Borings, Inc. PRIME DESIGNER
Surface Elevation: 106.73 ’ Casing Auger Mud Sampler Core Barrel
Date Started: 21 November 2000 Utilized X X X
Date Finished: Type BW | NW | HW | Pipe | Solid | Hollow SS B(st) | Bty | NX(st) | Nx(dt
Groundwater Observations Size I.D. (mm) | 60 76 | 100 | 64 35 X 35 35 55 55
@ 5.03 mafter 0 hours | Hammer (kg) | 136 | 136 | 136 | 136 Bit 63.5 Type .| Diamond
@ m after hours | Fall (m) 06 | 06 | 06 | 06 : 0.76 of bit Carbide
D i SAMPLE BLOWS .
I : —|" PERO.A5METERS | STRATA FIELD IDENTIFICATION OF SOIL
P | per DEPTH PEN. | REC ON SAMPLER CHANGE REMARKS (INCL. COLOR, LOSS
half INMETERS | NO. Tyre | o. |0.45-|0.30-|045.] ELEVY -
T a m m S | o il OF WASH WATER, ETC.)
H | meter | - FROM-TO 0.15 | 0.30 | 0.45 | 0.60 | DEPTH (m) ek
0.00-0.61 1 1061061 D 3 6 8 | M Medium dense brown coarse to fine SAND,
. little gravel, trace silt
105.23 | -FILL-
1.52-2.13 2 |061/045) D | 17 | 20 | 25 | 28 1.50 Dense brown coarse to fine SAND, little fine
gravel with cobbles
3.05-3.35 3 0.30 | 0.00 D 29 100/0.15 No Recovery
5 4.57-4.72 4 1015015 D | 100 Very dense brown medium to fine GRAVEL,
: some coarse to fine sand, trace silt with
cobbles
10063 | ]
610671 | 5 (061|045} D | 14 | 14 | 156 | 13 6.10 Medium dense brown coarse to fine SAND,
trace silt
Boulder from 7.7 m - 8.53 m
7.62-7.70 6 |0.08 Q.OO D 100/.08
9.14-9.45 7 /031|015 D 31 100 Very dense brown coarse to fine SAND, some
10 . medium to fine gravel with cobbles
10.67-10.82 8 1015]/0.15{ D 1100/.15 Very dense brown coarse to fine SAND and fine
gravel, trace medium gravel
04.54 -GLACIOFLUVIAL DEPOSITS-
12.19-12.19 9 0.00 | 0.00 D |100/0 12.19 C1: Hard, fresh, gray and white coarse to fine
— grained granitic GNEISS. Foliation is
. moderately dipping, extremely close. Joints are
13.11-14.83 1 (1821136| C [RQD = 64%] moderately dipping to high angle, close to
moderate, rough, undulating, fresh, open
15 14.63-16.15 2 152 1152] C [RQD = 64%)] C2: Same as C1 except joints are low to high
Casing Meters of NOTES: Bomb_mounted Diedrich D-120 with wire winch to drive safety
Size From To Earth Rack hammer. Borehole backfilled with drill cuttings upon completion.
NW 0.0 13.11 1311 m 3.04 m
No. of Samples
_ 9D,2C '
SAMPLE TYPE CODING: D=Driven C=Core A=Auger UP=Undisturbed Piston V=Vane Test SS=Split Spoon Hole No. S4-3
PROPORTIONS USED: Trace=1-10% Little=10-20%, Some=20-35%, And=35-50% Sheet 1 of 2
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Executive Summary

This scour report has been prepared for the final design of proposed Bridge No. 05774, the
easterly 1-84 crossing over the Mad River. This bridge is one of six (6) waterway crossings over
the river to be constructed under the State Project No. 151-273, improvements to Interstate 84 in
Waterbury from Washington Avenue east to Pierpont Road. The subject 4.3-kilometer (2.7 mile)
long highway project has been designed by Ammann & Whitney (formerly Berger, Lehman
Associates, P.C. — BLA).

The project proposes shifting the horizontal alignment of 1-84 roughly 60 meters (200 ft)
southerly from its current location. Consequently, the proposed bridge will be constructed
approximately 150 meters (along the relocated river; 500 ft) downstream of the existing crossing.
The new crossing is also located within the limits of a proposed relocation of the Mad River (see
River Relocation Report, Mad River, Beaver Pond Brook).

The proposed hydraulic clear span (measured perpendicular to the river baseline) will be
increased from 15.7 meters (51.5 ft) to 26 meters (85.3 ft). The proposed bridge width, along the
river baseline, will also increase from 31 meters(102 ft) to 57 meters (187 ft) to accommodate
roadway widening.

The proposed bridge will provide a minimum of 0.8-meter (2.6-ft) underclearance to the 100-
year design flood elevation with virtually no backwater toward upstream. In the case of the 500-
year flood, the underclearance nears zero, but it is still hydraulically adequate to convey the flow.

This report finds that the proposed bridge will experience the greatest potential scour during the
500-year event. The computations indicated the depth of scour at the bridge could be as much as
2.2 m (7.2 ft). The piles supporting the substructure will not be exposed by the scour.  The
analysis is based on the existing streambed material that is found in the vicinity of the proposed
bridge. The proposed channel under the bridge will, however, have Standard Riprap on the
banks providing added protection.

Table 1. NBIS Ratings and Scour Related Design Information

Recommended NBIS Item 113 Rating 8 (for 100-year design discharge)
Recommended NBIS Item 71 Rating 9

Recommended NBIS Item 61 Rating 8

Scour Risk Designation Low Risk

2.19 m (Abutment #1 — West);
2.06 m (Abutment #2 — East)
Foundation Type Abutment Footings on Piles

Depth of Potential Scour (500-year)

Recommendations Foundation Designed for Predicted Scour
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Reference Reports

The following reports, prepared under separate covers for the project, should be referenced for
more detailed information pertinent to the hydrology and hydraulics for the subject reach of the
Mad River and the hydraulic design of Bridge No. 05774.

Overview Report for Hydraulic Design, CT DEP Flood Management Certification &
FEMA Conditional Letter Of Map Revision (CLOMR), Mad River & Beaver Pond Brook,
Waterbury, Connecticut prepared by ConnDOT, July 2006.

Hydrologic Report, Mad River prepared by BLA, September 1999

Hydraulic Analysis for Design Report, Mad River prepared by ConnDOT, revised April
2014.

Final River Relocation Report, Mad River & Beaver Pond Brook prepared by BLA,
January 2004 and revised by ConnDOT, April 2006.

Mad River Floodplain/Floodway Analysis Report for FEMA CLOMR & CTDEP Flood
Management Certification prepared by ConnDOT, revised April 2014.

Project Overview

The information presented in this report are mostly derived from the hydraulic analyses
performed using the DOT "Design" discharges as presented in the Hydraulic Analysis for Design
Report, Mad River prepared by ConnDOT, revised April 2014. For complete hydrologic
information refer to Hydrologic Report, Mad River prepared by BLA (Ammann & Whitney),
September 1999. The summarized hydrologic information is shown in the table below.

Table 2. Hydrologic Information

Watershed Area: 62.26 km?” (24.04 mi®)- Large Structure
Discharges: 100-Yr: 176.98 cms (6,250 cfs)
500-Yr: 269.01 cms (9,500 cfs)
Overtopping: >500 year

See the Overview Report referenced above for an overview of the project, the existing and the
proposed project conditions.
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Report Background

This scour report with the accompanying final hydraulic report have been prepared as part of the
final design for Bridge No. 05774, the easterly crossing of Interstate 84 over the Mad River. The
proposed structure is located approximately 150 meters (500 ft) downstream (along the relocated
river) of existing 1-84 Structure No. 05774. This relocation is needed to accommodate a 60-
meter (200-ft) southerly shift/realignment of 1-84 in this area to improve the horizontal geometry
of the highway. The new crossing is located within the limits of a proposed relocation of the
Mad River.

Scour depths have been estimated following procedures set forth by the Federal Highway
Administration in Hydraulic Engineering Circular No. 18 (HEC-18), Estimating Scour at
Bridges, May 2001. As recommended on page 9.B-2 of the 2000 ConnDOT Drainage Manual,
the following Amended Local Abutment Scour Equation was utilized:

Yo/Ya=[2.27 Ky Ko (L'7Y5)"* Fro® +0.05 (ConnDOT)

This equation predicts scour depths for the 50 percentile as compared to the more conservative
HEC-18 version of Froehlich's equation (equation 7.1, page 7.8), which would have
encompassed 98% of the laboratory produced scour holes from the original study. The HEC-18
version of Froehlich’s equation is as follows:

Yo/ Ya=[2.27 Ky Ky (LY P Fro®] + 1 (HEC-18)

A comparison of the two local abutment equations shows that ConnDOT’s version will predict
scour depths 0.95Y, less than proposed by HEC-18. Y, is the average depth of floodplain flow
at the upstream approach cross section.

The discharges used in this investigation have been approved by ConnDOT and are presented in
the September 1999 Hydrologic Report, Mad River, Waterbury, Connecticut prepared by BLA
(Ammann & Whitney). The discharges reported in the original 1979 and currently effective
2013 Waterbury Flood Insurance Studies are 25-30% lower than those approved by ConnDOT.

The hydraulic analysis completed for this investigation utilized HEC-RAS version 4.1.0
assuming mixed flow conditions. A CD containing the HEC-RAS data files is included in the
referenced Hydraulic Analysis for Design Report, Mad River.

To avoid confusion between existing and proposed crossings in the report, the existing crossing
is referred to as "Structure” followed by the ConnDOT bridge number, whereas the proposed
crossing is called out as "Bridge™ (e.g. existing Structure No. 05774 versus proposed Bridge No.
05774).
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Proposed Bridge

The new Bridge No. 05774 will be a single span, welded steel plate girder bridge with a clear
span of 26 meters (85 ft), as measured perpendicular to the abutment faces. The substructure
will consist of concrete abutments founded on end-bearing H-piles terminating in glaciofluvial
deposits. The width of the structure will be 57 meters (188 ft) measured along the river baseline,
or 40 meters (132 ft) measured perpendicular to the roadway baseline. To reduce impacts to
photosensitive fish species along the width of the bridge, grated openings will be provided along
the highway median to allow sunlight penetration. The proposed bridge is located at River
Station 1807.5 in the Proposed Condition hydraulic model, within a 520- meter (1,706-ft)reach
of the Mad River which is to be relocated.

The new southerly shifted 1-84 alignment will traverse the former City Mills Pond approximately
200 meters upstream of Century Dam. The dam was actually partially breached in 1998. Prior
to the breach, City Mills Pond extended upstream through the existing 1-84 crossing (Structure
No. 05774), terminating approximately at the downstream side of the next upstream roadway
crossing (Plank Road Structure No. 05668). After draining the pond, the channel immediately
upstream of the breached dam was apparently provided with riprapped channel banks for a
length of approximately 130 meters (425 ft). Upstream of this segment to roughly the midpoint
between the existing Structures No. 06284 and No. 05774, the existing channel shows signs of
erosion along the riverbanks displaying lateral instability of the river caused by the breach of the
dam. The riverbanks are actively eroding, forming several shallow meanders. The erosion is
beginning to encroach into a reported bulky landfill site which was apparently active during the
dam breach project. The source of the landfill material is purportedly from the development of
the Brass Mill Mall site in Waterbury. In order to prevent the erosion in the post-project
condition, the channel will have riprapped side-slopes of 2H to 1V with a bottom width of 12
meters (40 ft ) in the vicinity of the proposed bridge. The riprap protection should also eliminate
the lateral instability of the river.

The overall vertical profile of the relocated channel will be maintained by a series of strategically
placed riprap grade control structures. The general concept of the grade control structures is
from the 1986 Swiss publication Blockschwellen (Block Ramps) by Whitttaker and J&ggi. These
structures will serve as hard-points along the channel bottom to limit channel headcutting.
Between the grade control structures, 600 mm (24 in.) of Gravel Streambed Material will be
placed along the channel invert to simulate a "natural™ riverbed. This substrate will maintain the
continuity of sediment supply through the reach, similar to a natural channel. The gravel
material will also serve as a foundation for the development of a diverse and productive aquatic
habitat.
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As the geometry of the river will be changed, exact comparison of the flood elevations to the
existing condition at the proposed bridge site is not possible. Nevertheless, the locations of the
upstream and downstream faces of the bridge are considered most comparably to the Cross
Sections 1837 and 1778 respectively of the Existing Condition hydraulic model. Comparing the
100-year water surface elevations at these locations, the results indicate that, even with the
placement of a new waterway crossing where none currently exists, the design flood profile will
be mostly lowered with only a slight increase at the upstream end. The computed differences
were 0.02 m (0.07 ft) increase and 0.28 m (0.92 ft) decrease for the upstream and downstream
faces respectively. This can be attributed to the proposed gradient of the relocated river which
will be on a constant downgrade. In the existing condition, downstream of these sections the
river is on an adverse grade (upward gradient) potentially causing more energy loss. As the flow
approaches the adverse grade the flood profile becomes flat (a constant elevation) through these
sections. The flat versus on-grade profiles produced the increase and decrease over the segment.

The 100-year flow will pass through the bridge with minimal constriction resulting in a
minimum underclearance of 0.8 m (2.5 ft), which is to the low chord at the downstream-westerly
end of the structure.

For the 500-year flow, the water surface elevation will increase by 0.58 and 0.13 m at the
upstream and downstream faces respectively. These increases may be explained by the
channelization of the river section which narrows the width of the flood resulting in the rise of
the water surface. There will also be some head losses due to the obstructions caused by the
abutments. Furthermore, the water surface will come partially in contact with the low chord,
without causing surcharging onto the roadway. This is an improvement compared to the existing
I-84 bridge where the 500-year flood would surge onto the highway.

The flow velocity through the bridge opening will be 3.0 m/s (9.8 ft/s) and 3.42 m/s (11.2 ft/s)
respectively for the 100- and 500-year discharges.

Approximately 40 meters (130 ft) downstream of the proposed 1-84 crossing, another waterway
crossing will be constructed which is the relocated Bridge No. 06284, the 1-84 Eastbound Exit 25
Off-Ramp over the Mad River. Although the off-ramp bridge is located in close proximity, the
backwater resulting from the 100-year discharge does not extend upstream to the proposed 1-84
Bridge No. 05774. However, the proposed water surface profile through the proposed Exit 25
Off-Ramp crossing will be higher than the existing condition.

Toward upstream to the existing easterly 1-84 crossing site or the proposed Westbound Exit 24
On-Ramp Bridge No. 06591, the proposed 100-year water surface profile will again be higher
than the existing condition by as much as 0.57 m (at Section 1900). This is due to the river
relocation work in which the stream flow will be constricted to the proposed trapezoidal channel.
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Scour Potential Assessment and Results

Scour computations were completed for the 100-year Design and 500-year Check frequency
discharges. The computations for the lower frequency discharges were not performed as the
degree of contraction, velocity and other flow variables were found relatively moderate
compared to the conditions under the above high frequency discharges.

The estimate of Dsp was based on a soil sample of existing material taken in the vicinity of the
proposed bridge (see Figure 4). The bottom of the proposed channel will actually be laid with
Gravel Streambed Material which is intended as sediment supply medium, as indicated
previously. However, the composition, thickness and the relative vertical location of this layer
will change over time, as it is displaced and replenished with the sediment supply from upstream
- mainly until the proposed channel stabilizes, and a balance in sediment transport is established.
Moreover, as the median particle size of the proposed channel-bed material is larger than that of
the soil sample, the dso used in the computation is deemed to produce more conservative results.

Figure 4. Soil Sample (For estimating Dsg for Scour Analysis)

»

F . N A i

oy, My . e - EEE
Scour analysis Soil Sample #2 in vicinity of Station MR 1+720, northerly riverbank looking
downstream, 12/7/00
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The computed scour depths are minimal for discharges up to and including the 100-year event.
This is because the abutments have been located so as to minimize the obstruction of overbank
floodplain flows and the river channelization reduces the contraction of flow through the
structure.

Computed scour depths for the 100- and 500-year return frequencies are as follows:

Table 3. Summary of Computed Scour Depths

Scour Depths (m)
100 Year Amended Amended
Long-Term | Contraction | Abutment Total
Abutment 1(Westerly) 0.9 0.18 0.00 1.36
Abutment 2(Easterly) 0.9 0.18 0.00 1.36
Scour Depths (m)
500 Year Amended Amended
Long-Term | Contraction | Abutment Total
Abutment 1(Westerly) 0.9 0.55 0.73 2.18
Abutment 2(Easterly) 0.9 0.55 0.60 2.05

Long-term channel scour was assumed to be 0.9 meter (3 ft) to account for potential future
channel degradation and will largely be controlled by the proposed riprap grade control
structures. As discussed previously, the general concept of the grade control structures is from
the publication Blockschwellen by Whittaker and Jaggi. The design assumes that the structures
will act as hard-points along the channel bottom to limit channel headcutting. As scour holes
develop downstream of the grade control structures, rocks from the grade control structures will
launch into the scour holes. Eventually, equilibrium will be reached when a sufficient quantity
of stones has been launched into the scour holes, completely armoring the holes, and preventing
further channel degradation. The volume of the constructed grade control structure must be
sufficient to provide enough rock to launch into the scour hole to an adequate depth to armor the
scour hole and still provide grade control protection in its constructed location. The thickness of
the proposed grade control structures (River Stations 1+860, 1+775 and 1+695) is 2 meters (6.6
ft) with a length, along the river baseline, of 6 meters (20 ft). It is assumed that the anticipated
launching of the rocks could reduce the thickness of the grade control structure by as much as 0.9
meter (3 ft) and result in a corresponding lowering of the constructed channel profile (long-term
channel degradation).

10
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Structural Design Review and Conclusions

Footing
Page 2.4 of HEC-18 states:

Placing the top of the footing or pile cap below the streambed a depth equal to the
estimated long-term degradation and contraction scour depth will minimize
obstruction to flood flows and resulting local scour.

The top of the pile cap has been located in accordance with this guideline for the-100 year design
discharge.

Piles

The typical guideline for pile supported abutments is to design the substructure using normal
factors of safety assuming the piles are unsupported to the depth of total scour (long-term plus
contraction plus amended local abutment) for the design discharge. The calculations indicate
that the depth of total scour will not expose the piles for the-100 year design discharge.

"Superflood"
Page 2.4 of HEC-18 recommends that the foundation design should be checked for scour

conditions resulting from a "Superflood”. The design "should have a minimum factor of safety
of 1.0 (ultimate load) under the superflood conditions.” For this bridge the 500-year flood was
assumed to be the "Superflood”. As with the 100-year discharge, the estimates predict that the
piles will not be exposed by scour during the 500-year discharge. Although the maximum
estimated scour depth is greater at Abutment #1 (western abutment), the worst case condition
will occur at Abutment #2 (eastern abutment) because of its shallower depth of cover over its
footing. The footing will potentially be exposed by the 500-year flood.

11
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Appendix A: Structure Plans & Details

(Note:

The plans and details included in this report are
intended for information purposes only. If there are
any discrepancies to the actual construction or “as-
built” plans, the information reflected on the
construction or “as-built” plans shall be construed
more accurate.)
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Appendix B: Scour Computations

Based on DOT Design Discharges

o Summary Sheet

o 100-YR Contraction Scour
o 100-YR Abutment Scour
o 500-YR Contraction Scour

o 500-YR Abutment Scour





Final Design
Bridge No. 05774
Easterly I-84 Crossing over the Mad River

Computed Scour Depths using Froehlich's Abutment Scour Equation

July 2006 - Revised March 2014

Abutment #1- Westerly Abutment or Left Abutment Looking Upstream

Ave. Flow Scour Depth (m)
Depth Abutment | Amended | Amended

Flood Recurrence | Obstructed | Long-Term | Contraction | Equation [ Abutment Total

Qioo 0.00 0.9 0.18 N/A 0.00 1.08

Qs00 0.49 0.9 0.554 Froehlich 0.734 2.19

Overtopping > Qsoo
Abutment #2- Easterly Abutment or Right Abutment Looking Upstream
Ave. Flow Scour Depth (m)
Depth Abutment | Amended | Amended

Flood Recurrence | Obstructed | Long-Term [ Contraction [ Equation | Abutment Total

Quoo 0.00 0.9 0.18 N/A 0.00 1.08

Qs00 0.45 0.9 0.554 Froehlich 0.604 2.06

Overtopping > Qs0o
Comparison of Footing Elevations to Computed Scour Depths
Elevation (m) Assumed Elevation of Scour at Abutment (m)
Ground 100 Year Discharge 500 Year Discharge
Elevation at | Long-Term Long-Term
Abutment Top of Bottom of Base of F +

No. Depth of Footing (m) | Footing Footing Abutment | Contraction Total Contraction Total
1 1.35 110.85 109.5 112.25 * 111.17 111.17 110.80 110.06
2 1.35 111.35 110.0 112.55 111.47 111.47 111.10 110.49

* The lowest elevation is 111.8 M (112.05-0.3+(0.1/2)) near the downstream end. However, as it is located inside of a curve
where the flow begins to shift/elevate toward the other abutment, it is not the best representative of the ground elevation
for the scour assessment. Thus, use the next reasonable, low ground elevationis which is 112.25 M. More than 90% of the
ground adjacent to the abument is above this elevation.

Abutment No. 1

-Top of footing below the sum of long-term channel degradation and contraction scour depths for the 100 year discharge- Design OK

-Computed total scour depth for the 100 year discharge is above the bottom of the footing, piles are not exposed by scour

-Computed total scour depth for the 500 year discharge is above the bottom of the footing, piles are not exposed by scour

Abutment No. 2

-Top of footing below the sum of long-term channel degradation and contraction scour depths for the 100 year discharge- Design OK

-Computed total scour depth for the 100 year discharge is above the bottom of the footing, piles are not exposed by scour

-Computed total scour depth for the 500 year discharge is above the bottom of the footing, piles are not exposed by scour
Although the scour depth is less than that for Abutment No. 1, this is considered to be the worst case, as it causes a larger

portion of the footing to be exposed.

Bridge No. 05774
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PROJECT NO. | 151-273 BRIDGE NO. 05774 UNIT:[ Metric |
Ref. HEC-18., May 2001 (4th ed.)
SUMMARY
Contraction Scour Type: LIVE-BED Depth: 0.18 m Event: 100-YR
Local West Abut. #1 LEFT Eq.: N/A Depth: N/A m Event: 100-YR
Abutment East Abut. #2 RIGHT Eq.: N/A Depth: N/A m Event: 100-YR
CONTRACTION SCOUR
ve=Kuy"p™ Eq. 5.1
= 0.51 m/s Critacal velocity above which bed material of size D and smaller will be transported
Ku = 6.19 m (6.19 in Sl units; 11.17 in English units)
y= 2.84 m Average depth of flow upstream of the bridge
D= 0.00034 m Particle size forVe , m (use Dsgp)
V1= 3.02 m/s The mean velocity of the flow in the main channel or overbank area upstream of the brige opening
Vc < V1 Thus, LIVE-BED CONTRACTION SCOUR

Live-Bed Contraction Scour

Y2/Y1 = (Q2/Q1) ¥ (W1/W2)“' = .01 . Eq. 5.2
Ys=Y2-Yo m Eq. 5.3
= 0.18 m Average contraction scour depth
Y1= 2.84 m Average depth in the upstream main channel
Y2 = 2.88 m Average depth in the contracted section
Yo = 270 m Existing depth in the contracted section before scour
Q1= 172.72 m3/s Flow in the upstream channel transporting sediment
Q2= 175.52 m3/s Flow in the contracted channel
W1 = 12.00 m Bottom width of the upstream main channel that is transporting bed material
W2 = 12.00 m Bottom width of the main channel in the contracted section less pier width
k1= 0.69 Exponent determined below ( Viw= 646 )
V= 0.3232 =(Tolp)"? or (gY1S1)" | shear velocity in the upstream section , m/s
W= 0.05 m/s Fall velocity of bed material based on the D, (Figure 5.8)
g= 9.81 m/s”2 Acceleration of gravity
S1= 0.002742 m/m Slope of energy gradeline of main channel
To= 104.45 Pa (N/m”*2) Shear stess on the bed
p= 1000 kg/m*3 Density of water
10— — 0.01
E! ............. Hiode of Bed
1 V¥w k1 Material
B TR 0685 OO U U -1 | A Transport
0.001 Maostly contact
‘ - 0.50 0.59 bed material
E £ discharge
E e/ _ : Some
a e () 0.50 to 064 suspended bed
K : 20 material
0.1 - 0.0001 discharge
Mostly
.9 0 069 suspended bed
..... i o material
....................... discharge
0.01 — 0.00001
0.001 0.01 01
®, m/s
Figure 5.8. Fall velocity of sand-sized particles with specific gravity of 2.65 in metric units.
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Clear-Water Contraction Scour

y2 = [ KQ Eq.5.4
Dm“” W

ys= y2-yo m Eq. 5.5

= N/A m Average contraction scour depth  LIVE-BED controls. Ignore this procedure
y2 = 18.99 m Average equilibrium depth in the contracted section after contraction scour
yo = 270 m Average existing depth in the contracted section
Q= 176.98 m3/s Discharge through the bridge or on the set-back overbank area at the bridge associated with the width W
W= m Bottom width of the contracted section less pier widths
K, = 0.0250 (0.025 in Sl units; 0.0077 in English units)

Diameter of the smallest nontransportable particle in the bed material (1.25 D50) in th contacted setion
Median diameter of bed material

Because D50 is not the largest particle in the bed material, the scoured section can

be slightly armored. Therefore, the Dm is assumed to be 1.25 Ds0. For stratified bed
material the depth of scour can be determined by using the clear-water scour equation
sequentially with successive Dm of the bed material layers.
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Cross Sections used for Constraction Scour Computations

UPSTREAM SECTION 1900

Mad River, 151-273, Metric Plan: PROPOSED (New Surwey), ConnDOT Q
RS = 1900 Between I-84 (05774) and WB Exit 24 On-Ramp (06591)
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CONTRACTED SECTION 1807.5 BRU

Mad River, 151-273, Metric Plan: PROPOSED (New Surwey), ConnDOT Q
RS =1807.5 BR Proposed 1-84 Bridge No. 05774
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UPSTREAM CHANNEL SECTION River Station Event:

HEC-RAS CROSS SECTION OUTPUT
Plan: PR_DOT Mad River Reach 1 RS: 1900 Profile: 100 Year

E.G. Elev (m) 114.01 Element Left OB Channel Right OB Total
Vel Head (m) 0.27 Wt. n-Val. 0.08 0.043 0.08
W.S. Elev (m) 113.74 Reach Len. (m) 29.4 29.4 29.4
Crit W.S. (m) Flow Area (m2) 0.18 76.96 0.42
E.G. Slope (m/m) 0.002742 Area (m2) 0.18 77.61 0.42 78.21
Q Total (m3/s) 176.98 Flow (m3/s) 0.04 176.82 0.12
Top Width (m) 31.67 Top Width (m) 0.85 29.53 1.29
Vel Total (m/s) 2.28 Avg. Vel. (m/s) 0.22 23 0.29
Max Chl Dpth (m) 3.42 Hydr. Depth (m) 0.21 2.61 0.33 247 Flow dis. manual
Conv. Total (m3/s) 3379.7 Conv. (m3/s) 0.7 3376.7 2.3 Left WS Sta. -13.06 -12.86
Length Wtd. (m) 29.4 Wetted Per. (m) 0.95 30.95 1.44 Left Convy Sta. -12.54
Min Ch EI (m) 110.32 Shear (N/m2) 5.1 66.86 7.84 Left Main Channel -10.55 -6
Alpha 1.01 Stream Power (N/m s) 1661.36 0 0 Right Main Channel 15 6
Frctn Loss (m) 0.11 Cum Volume (1000 m3) 9.82 63.76 4.23 Right Convy Sta. 16.26
C & E Loss (m) 0.05 Cum SA (1000 m2) 23.48 27.11 6.49 Right WS Sta. 19.07 18.81
L' (left) 1.99 L (left) 2.31
HEC-RAS FLOW DISTRIBUTION IN CROSS SECTION OUTPUT L' (Right) 1.26 L (Right) 3.81
W1 Q1, Qe Area Y1 \l
LEFT 1.17 1.34
Main 25.55 172.72 72.6 2.84 2.38
Right 3.1 3.63
Plan: PR_DOT Mad River Reach 1 RS: 1900 Profile: 100 Year
Pos Left Sta Right Sta Flow Area W.P. Percent  Hydr Velocity Shear Power
(m) (m) (m3/s) (m2) (m) Conv Depth(m) (m/s) (N/m2)  (N/ms)
1LOB -13.06 -12.8 0 0 0.07 0 0.01 0.03 0.36 0.01
21L0B -12.8 -12.54 0 0.03 0.29 0 0.1 0.11 23 0.25
3 LOB -12.54 -12.27 0.01 0.06 0.29 0.01 0.23 0.19 5.46 1.05
4 LOB -12.27 -12.01 0.02 0.09 0.29 0.01 0.36 0.26 8.63 2.26
5 Chan -12.01 -10.55 1.14 1.16 1.64 0.65 0.79 0.98 19.04 18.74
6 Chan -10.55 -9.08 3.41 2.24 1.64 1.93 1.53 1.53 36.73 56.04
7 Chan -9.08 -7.62 6.53 3.3 1.64 3.69 2.25 1.98 5425 107.34
8 Chan -7.62 -6.15 10.44 4.38 1.64 5.9 2.99 2.39 71.86 171.5
9 Chan -6.15 -4.69 13.99 5.01 1.48 7.9 3.42 2.79 90.91 253.78
10 Chan -4.69 -3.22 14.13 5.02 1.46 7.98 3.42 2.82 92.09  259.27
11 Chan -3.22 -1.76 14.13 5.02 1.47 7.98 3.42 2.82 92.09  259.27
12 Chan -1.76 -0.29 14.13 5.02 1.46 7.98 3.42 2.82 92.09  259.27
13 Chan -0.29 1.17 14.13 5.02 1.46 7.98 3.42 2.82 92.09  259.27
14 Chan 1.17 2.64 14.13 5.02 1.47 7.98 3.42 2.82 92.09  259.27
15 Chan 2.64 4.1 14.13 5.02 1.46 7.98 3.42 2.82 92.09  259.27
16 Chan 4.1 5.57 14.13 5.02 1.46 7.98 3.42 2.82 92.09  259.27
17 Chan 5.57 7.03 12.23 4.75 1.59 6.91 3.24 2.58 80.55  207.44
18 Chan 7.03 8.5 7.99 3.73 1.64 4.51 2.54 2.14 61.14  130.99
19 Chan 8.5 10.13 4.9 3.53 1.63 2.77 217 1.39 58.43 80.98
20 Chan 10.13 11.75 4.9 3.53 1.63 277 217 1.39 58.43 80.98
21 Chan 11.75 13.38 4.9 3.53 1.63 2.77 217 1.39 58.43 80.98
22 Chan 13.38 15 4.52 3.46 1.74 2.55 213 1.31 53.45 69.8
23 Chan 15 16.26 2.09 2 1.41 1.18 1.59 1.04 38.23 39.93
24 Chan 16.26 17.52 0.9 1.21 1.41 0.51 0.96 0.75 23.08 17.22
25 ROB 17.52 19.07 0.12 0.42 1.44 0.07 0.33 0.29 7.84 2.26
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
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CONTRACTED CHANNEL SECTION
CROSS SECTION OUTPUT
Plan: PR_DOT Mad River Reach 1 RS:1807.5 BRU Profile: 100 Year

River Station| 1807.5 BR U

E.G. Elev (m) 113.69 Element Left OB Channel Right OB Total
Vel Head (m) 0.45 Wt. n-Val. 0.08 0.04 0.04
W.S. Elev (m) 113.24 Reach Len. (m) 58.8 58.8 58.8
Crit W.S. (m) 112.44 Flow Area (m2) 0.22 59.45 0.24
E.G. Slope (m/m) 0.004547 Area (m2) 0.22 59.45 0.24 59.91
Q Total (m3/s) 176.98 Flow (m3/s) 0.07 176.78 0.13
Top Width (m) 26.01 Top Width (m) 1.03 23.97 1.01
Vel Total (m/s) 2.95 Avg. Vel. (m/s) 0.3 297 0.56
Max Chl Dpth (m) 3.23 Hydr. Depth (m) 0.21 2.48 0.24 2.30 Flow dis. manual
Conv. Total (m3/s) 2624.6 Conv. (m3/s) 1 2621.6 2 Left WS Sta. -14.2 -14.93
Length Wtd. (m) 58.8 Wetted Per. (m) 1.03 25.38 1.25 Left Flood Sta. -13.04
Min Ch EI (m) 110.01 Shear (N/m2) 9.44 104.45 8.55 Left Main Channel -10.81 -6
Alpha 1.01 Stream Power (N/m s) 620.97 0 0 Right Main Channel 10.76 6
Frctn Loss (m) 0.29 Cum Volume (1000 m3) 9.81 59.68 4.22 Right Flood Sta. 12.87
C & E Loss (m) 0 Cum SA (1000 m2) 23.45 25.47 6.45 Right WS Sta. 12.97 12.97
L' (left) 2.23 L (left) 4.12
FLOW DISTRIBUTION IN CROSS SECTION OUTPUT L' (Right) 211 L (Right) 2.21
W1 Q1, Qe Area Y1 \l
LEFT 0.67 0.86
Main 21.57 175.52 58.21 2.70 3.02
Right 0.7 0.84
Plan: PR_DOT Mad River Reach 1 RS: 1807.5 BRU Profile: 100 Year
Pos Left Sta Right Sta Flow Area W.P. Percent  Hydr Velocity Shear Power
(m) (m) (m3/s) (m2) (m) Conv Depth(m) (m/s) (N/m2)  (N/ms)
1LOB -14.2 -12.01 0.07 0.22 1.03 0.04 0.21 0.3 9.44 2.82
2 Chan -12.01 -10.81 0.6 0.64 1.34 0.34 0.53 0.93 21.36 19.92
3 Chan -10.81 -9.61 2.08 1.36 1.34 1.18 1.13 1.54 45.16 69.38
4 Chan -9.61 -8.41 4.22 2.07 1.34 2.38 1.73 2.04 68.97 140.5
5 Chan -8.41 -7.22 6.91 2.79 1.34 3.91 2.32 2.48 92.77  230.31
6 Chan -7.22 -6.02 10.12 3.5 1.34 5.72 2.92 289 116.58  337.01
7 Chan -6.02 -4.82 12.85 3.87 1.2 7.26 3.23 3.32 143.64 477.26
8 Chan -4.82 -3.62 12.86 3.87 1.2 7.27 3.23 3.33 143.89 478.63
9 Chan -3.62 -2.42 12.86 3.87 1.2 7.27 3.23 3.33 143.89 478.63
10 Chan -2.42 -1.22 12.86 3.87 1.2 7.27 3.23 3.33 143.89 478.63
11 Chan -1.22 -0.02 12.86 3.87 1.2 7.27 3.23 3.33 143.89 478.63
12 Chan -0.02 1.17 12.86 3.87 1.2 7.27 3.23 3.33 143.89 478.63
13 Chan 1.17 2.37 12.86 3.87 1.2 7.27 3.23 3.33 143.89 478.63
14 Chan 2.37 3.57 12.86 3.87 1.2 7.27 3.23 3.33 143.89 478.63
15 Chan 3.57 4.77 12.86 3.87 1.2 7.27 3.23 3.33 143.89 478.63
16 Chan 4.77 5.97 12.86 3.87 1.2 7.27 3.23 3.33 143.89 478.63
17 Chan 5.97 7.7 10.25 3.53 1.34 5.79 2.94 2.91 117.61 341.99
18 Chan 7.7 8.36 6.99 2.81 1.34 3.95 2.34 249 93.31 232.56
19 Chan 8.36 9.56 4.26 2.09 1.34 2.41 1.74 2.04 69.35  141.81
20 Chan 9.56 10.76 21 1.36 1.34 1.19 1.14 1.54 45.39 69.96
21 Chan 10.76 11.96 0.6 0.64 1.34 0.34 0.54 0.93 21.42 20.02
22 ROB 11.96 12.06 0.01 0.02 0.1 0.01 0.24 0.59 10.56 6.27
23 ROB 12.06 12.16 0.01 0.02 0.1 0.01 0.24 0.59 10.56 6.27
24 ROB 12.16 12.26 0.01 0.02 0.1 0.01 0.24 0.59 10.56 6.27
25 ROB 12.26 12.36 0.01 0.02 0.1 0.01 0.24 0.59 10.56 6.27
26 ROB 12.36 12.46 0.01 0.02 0.1 0.01 0.24 0.59 10.56 6.27
27 ROB 12.46 12.57 0.01 0.02 0.1 0.01 0.24 0.59 10.56 6.27
28 ROB 12.57 12.67 0.01 0.02 0.1 0.01 0.24 0.59 10.56 6.27
29 ROB 12.67 12.77 0.01 0.02 0.1 0.01 0.24 0.59 10.56 6.27
30 ROB 12.77 12.87 0.01 0.02 0.1 0.01 0.24 0.59 10.56 6.27
31 ROB 12.87 12.97 0.01 0.02 0.34 0 0.24 0.27 3.16 0.84
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
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LIVE SCOUR AT ABUTMENTS

Ejual Cqnveyance Tubes

AR

Figure 7.4. Determination of length of embankment blocking live flow for abutment
scour estimation.

Bridge No. 05774

Froehlich's Live-Bed Abutment Scour Equation LEFT RIGHT
Ys/Ya = 2.27 K1 K2 (L'/Ya) " Fr*® + 1= N/A NA Eq. 7.1
Amended Local Scour Equation
Ys/Ya = 2.27 K1 K2 (L'/Ya) ®*** Fr®%' + 0.05 = N/A NA CT DOT DM Pg 9B-2
LEFT RIGHT
Ys = N/A N/A m Scour depth <== using Amended equation
K1 = 1.00 1.00 Coeffcient for abutment shape (see Table 7.1 and Figrue 7.6)
K2 = 1.05 0.91 (6/90) ", Coefficient for angle of embankment to flow
6 = 135 45
0 < 90 degrees if embankment points downstream
0 > 90 degrees if embankment points upstream
(see Figure 7.5 for definition of 8)
L'= 0.00 0.00 m Length of active flow obstructed by the embankment
(see Figure 7.4)
Ae = 0.00 0.00 m”2 Flow area of the approach cross section obstructed by the embankment
Fr= N/A N/A Vel/(gYa)*0.5, Froude Number of approach flow upstream of the abutment
Ve = N/A N/A m/s Qe/Ae
Qe = 0 0 m”3/s Flow obstructed by the abutment and approach embankment
Ya= N/A N/A m Ae/L, Average depth of flow on the floodplain
L 0 Om Length of embankment projected normal to the flow
Table 7. 1. Abutment Shape Coefficients.
Description K,
‘ertical-wall abutment 1.00
Vertical-wall abutment with wing walls 0.82
Spill-through abutment 0.55
Elmvation
Plan
- AN
—
Section & - A' Seclion A - A
(=) Spill Through (b) Vertical Wall (c) Vertical Wall with
Flarsd Wingwalls
Figure 7.6, Abutment shape.
| L M| /
| 1
| | >
N
Va4

Figure 7.5. Orientation of embankment angle, 8, to the flow.
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HIRE Live-Bed Abutment Scour Equation
LEFT RIGHT

Applicability check: LY, = N/A N/A Use HIRE Eq. only if L/Y ; > 25
YJY, =4 Fr®% K055 K,= N/A NA Eq. 7.1
LEFT  RIGHT
Y, = N/A N/A m Scour depth (N/A if L/Y, < 25)
K1 = 1.00 1.00 Coeffcient for abutment shape (see Table 7.1 on RIGHT)
Kz = 1.05 0.91 (8/90) %", Coefficient for angle of embankment to flow
Yi= NA  NAm Depth of flow at the abutment on the overbank or in the main channel,
Fr= N/A N/A Ve/(gYa)"0.5, Froude Number of approach flow upstream of the abutment
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Cross Sections Used for Local Abutment Scour Computations

APPROACH SECTION 1871
Mad River, 151-273, Metric Plan: PROPOSED (New Surwey), ConnDOT Q
RS = 1871 U/S of Prop 1-84 Bridge 05774
S e !
. .08 .04 .08 A
1229 ‘g"‘ T L g Legend
WS 100 Year
0.5 m/s
A | —
1.0 m/s
120+ ﬂ | —
1.5 m/s
| ——
2.0 m/s
I
25m/s
I
3.0 m/s
118+ —
3.5m/s
Ground
B Ineff
~ L]
§ 1164 Bank Sta
:
114+
1124
110 T T T T T T T T T T 1
-30 -25 -20 -15 -10 -5 0 5 10 15 20 25
Station (m)
* Although the 100-year flood comes in contact
with the abutments, the effective length of
obstructed flow is zero, as the flow width at the
upstrem section is narrower. Thus, the local
BRIDGE SECTION 1807.5 BR U abutment scour flow is not likely to occur.
Mad River| 151-273, Metric Plan: PROPOSED (New Surwey), ConnDOT @
RS =1807.5 BR Proposed |-84 Bridge No. 05774
% .08 % .04
1227 Legend
WS 100 Year
——
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UPSTREAM APPROACH CHANNEL SECTION

CROSS SECTION OUTPUT
Plan: PR_DOT Mad River

Reach 1 RS: 1871

River Station 1871

Use the same data as in the contraction scour computation? |No
Profile: 100 Year

Event:

100-YR

E.G. Elev (m) 113.85 Element Left OB Channel Right OB Total
Vel Head (m) 0.44 Wt. n-Val. 0.042
W.S. Elev (m) 113.42 Reach Len. (m) 34.24 34.24 34.24
Crit W.S. (m) 112.6 Flow Area (m2) 60.31
E.G. Slope (m/m) 0.005118 Area (m2) 60.31 60.31
Q Total (m3/s) 176.98 Flow (m3/s) 176.98
Top Width (m) 25.14 Top Width (m) 25.14
Vel Total (m/s) 2.93 Avg. Vel. (m/s) 2.93
Max Chl Dpth (m) 3.25 Hydr. Depth (m) 24 2.40
Conv. Total (m3/s) 2473.8 Conv. (m3/s) 2473.8 Left WS Sta.
Length Wtd. (m) 34.24 Wetted Per. (m) 26.67 Left Convy Sta.
Min Ch EI (m) 110.17 Shear (N/m2) 113.48 Left Main Channel
Alpha 1 Stream Power (N/m s) 1002.08 0 0 Right Main Channel
Frctn Loss (m) 0.17 Cum Volume (1000 m3) 9.81 61.73 4.22 Right Convy Sta.
C & E Loss (m) 0 Cum SA (1000 m2) 23.47 26.31 6.47 Right WS Sta.
L' (left) 0
FLOW DISTRIBUTION IN CROSS SECTION OUTPUT L' (Right) 0
W1 Q1, Qe Area Y1
LEFT
Main 25.14 177.02 60.33 2.40
Right
Plan: PR_DOT Mad River Reach 1 RS: 1871 Profile: 100 Year
Pos Left Sta Right Sta Flow Area W.P. Percent  Hydr
(m) (m) (m3/s) (m2) (m) Conv Depth(m)
1 Chan -12.61 -11.02 0.43 0.55 1.66 0.25 0.37
2 Chan -11.02 -9.42 2.76 1.81 1.78 1.56 1.14
3 Chan -9.42 -7.83 6.68 3.08 1.78 3.77 1.93
4 Chan -7.83 -6.24 11.82 4.34 1.78 6.68 2.72
5 Chan -6.24 -4.65 16.73 5.15 1.62 9.45 3.24
6 Chan -4.65 -3.06 17.04 5.17 1.59 9.63 3.25
7 Chan -3.06 -1.46 17.04 5.17 1.59 9.63 3.25
8 Chan -1.46 0.13 17.04 5.17 1.59 9.63 3.25
9 Chan 0.13 1.72 17.04 5.17 1.59 9.63 3.25
10 Chan 1.72 3.31 17.04 5.17 1.59 9.63 3.25
11 Chan 3.31 4.91 17.04 5.17 1.59 9.63 3.25
12 Chan 4.91 6.5 16.3 5.11 1.65 9.21 3.21
13 Chan 6.5 8.09 10.92 4.14 1.78 6.17 2.6
14 Chan 8.09 9.68 6.26 2.95 1.76 3.54 1.85
15 Chan 9.68 11.27 2.53 1.72 1.78 1.43 1.08
16 Chan 11.27 12.87 0.35 0.46 1.53 0.2 0.34
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
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Flow dis.
-12.61
-12.61

-12.5
12.64
11.27

L (left)
L (Right)
V1

2.94

Velocity
(m/s)
0.79
1.52
217
2.73
3.25

manual
-12.5
-12.5

12.64
12.64

Shear
(N/m2)
16.57
51.05
86.87
122.42
159.3
162.89
162.89
162.89
162.89
162.89
162.89
155.22
116.66
84.08
48.46
15.22

Power

(N/m's)
13.12
77.65
188.34
333.61
517.42
537.03
537.03
537.03
537.03
537.03
537.03
495.53
307.87
178.35
71.2
11.37
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BRIDGE SECTION River Station

CROSS SECTION OUTPUT Use the same data as in the contraction scour computation?
Plan: PR_DOT Mad River Reach 1 RS: 1807.5 BR U Profile: 100 Year
E.G. Elev (m) 113.69 Element Left OB Channel Right OB Total
Vel Head (m) 0.45 Wt. n-Val. 0.08 0.04 0.04
W.S. Elev (m) 113.24 Reach Len. (m) 58.8 58.8 58.8
Crit W.S. (m) 112.44 Flow Area (m2) 0.22 59.45 0.24
E.G. Slope (m/m) 0.004547 Area (m2) 0.22 59.45 0.24 59.91
Q Total (m3/s) 176.98 Flow (m3/s) 0.07 176.78 0.13
Top Width (m) 26.01 Top Width (m) 1.03 23.97 1.01
Vel Total (m/s) 2.95 Avg. Vel. (m/s) 0.3 2.97 0.56
Max Chl Dpth (m) 3.23 Hydr. Depth (m) 0.21 2.48 0.24 2.30
Conv. Total (m3/s) 2624.6 Conv. (m3/s) 1 2621.6 2 Left WS Sta.
Length Wtd. (m) 58.8 Wetted Per. (m) 1.03 25.38 1.25 Left Flood Sta.
Min Ch EI (m) 110.01 Shear (N/m2) 9.44 104.45 8.55 Left Main Channel
Alpha 1.01 Stream Power (N/m s) 620.97 0 0 Right Main Channel
Frctn Loss (m) 0.29 Cum Volume (1000 m3) 9.81 59.68 4.22 Right Flood Sta.
C & E Loss (m) 0 Cum SA (1000 m2) 23.45 25.47 6.45 Right WS Sta.
L' (left) 1.16
FLOW DISTRIBUTION IN CROSS SECTION OUTPUT L' (Right) 0.23
W1 Q1, Qe Area Y1
LEFT 0.07 0.22
Main 26.01 176.73 59.51 2.29
Right 0.09 0.18
Plan: PR_DOT Mad\River Reach 1 RS: 1807.5 BRU Profile: 100 Year
Pa Left Sta Right Sta Flow Area W.P. Percent  Hydr
(m) (m) (m3/s) (m2) (m) Conv Depth(m)
1LOB -14.2 -12.01 0.07 0.22 1.03 0.04 0.
2 Chan -12.01 -10.81 0.6 0.64 1.34 0.34 0.53
3 Chan -10.81 -9.61 2.08 1.36 1.34 1.18 1.13
4 Chan -9.61 -8.41 4.22 2.07 1.34 38 1.73
5 Chan -8.41 -7.22 6.91 2.79 1.34 3.91 2.32
6 Chan <7.22 -6.02 10.12 815 1.34 5.72 2.92
7 Chan -6.9 -4.82 12.85 3.87 1.2 7.26 3.23
8 Chan -4.82 -3.62 12.86 3.87 1.2 7.27 3.23
9 Chan -3.62 -2.42 12.86 87 1.2 7.27 3.23
10 Chan -2.42 -2 12.86 3.87 1.2 7.27 3.23
11 Chan -1.22 -0.02 12.88 3.87 1.2 7.27 3.23
12 Chan -0.02 1.17 .86 3.87 1.2 7.27 3.23
13 Chan 1.17 2.37 2.86 3.87 1.2 7.27 3.23
14 Chan 2.37 3.57 12.88 3.87 1.2 7.27 3.23
15 Chan 3.57 #77 12.86 3.87 1.2 7.27 3.23
16 Chan 4.77 5.97 12.86 378 1.2 7.27 3.23
17 Chan 5.97 717 10.25 3.53 1.34 5.79 2.94
18 Chan 7 8.36 6.99 2.81 134 3.95 2.34
19 Chan 8.36 9.56 4.26 2.09 1.34 2.41 1.74
20 Chan 9.56 10.76 21 1.36 1.34 1.19 1.14
21 Chan 10.76 11.96 0.6 0.64 1.34 0.34 0.54
22 ROB 11.96 12.06 0.01 0.02 0.1 0.01 0.24
23 ROB 12.06 12.16 0.01 0.02 0.1 0.01 024
24 ROB 12.16 12.26 0.01 0.02 0.1 0.01 0.24
25 ROB 12.26 12.36 0.01 0.02 0.1 0.01 0.24
26 ROB 12.36 12.46 0.01 0.02 0.1 0.01 0.24
ROB 12.46 12.57 0.01 0.02 0.1 0.01 0.24
28 ROB 12.57 12.67 0.01 0.02 0.1 0.01 0.24
29 ROB 12.67 12.77 0.01 0.02 0.1 0.01 0.24
30 ROB 12.77 12.87 0.01 0.02 0.1 0.01 0.24
31 ROB 12.87 12.97 0.01 0.02 0.34 0 0.24
32
33
BRIDGE OUTPUT River Station Low Chord Elev.|_114.01

Mean Channelbed Elev. 110.01

Plan: PR_DOT Mad River Reach 1 RS: 1807.5 Profile: 100 Year

E.G. US. (m) 113.85 Element Inside BR US Inside BR DS
W.S. US. (m) 113.42 E.G. Elev (m) 113.69 113.39
Q Total (m3/s) 176.98 W.S. Elev (m) 113.24 112.94
Q Bridge (m3/s) 176.98 Crit W.S. (m) 112.44 112.16
Q Weir (m3/s) Max Chl Dpth (m) 3.23 3.21
Weir Sta Lft (m) Vel Total (m/s) 2.95 3
Weir Sta Rgt (m) Flow Area (m2) 59.91 59.08
Weir Submerg Froude # Chl 0.6 0.62
Weir Max Depth (m) Specif Force (m3) 138.51 137.74
Min El Weir Flow (m) 115.82 Hydr Depth (m) 23 2.38
Min El Prs (m) 114.32 W.P. Total (m) 27.66 26.33
Delta EG (m) 0.65 Conv. Total (m3/s) 2624.6 2410.6
Delta WS (m) 0.69 Top Width (m) 26.01 24.82
BR Open Area (m2) 80.74 Frctn Loss (m) 0.29 0.19
BR Open Vel (m/s) 3 C&ELoss(m) 0 0.01
Coef of Q Shear Total (N/m2) 96.59 118.59
Br Sel Method Energy only Power Total (N/m s) -1287.92 -598.95
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Flow dis.

-14.2

-13.04
12.97

12.97
L (left)

L (Right)

V1

297

Veloci

0.3
0.93
1.54
2.04
2.48
2.89
3.32
3.33
3.33
3.33
3.33
3.33
3.33
3.33
3.33
3.33
2.91
2.49
2.04
1.54
0.93
0.59
0.59
0.59
Q.59
0.59
0.59
0.59
0.59
0.59
0.27

manual
-14.93
-14.2
13.2
13.5
1.89
0.53
Shear Power
(N/m2) (N/m's)
9.44 2.82
21.36 19.92
45.16 69.38
68.97 140.5
92.77 230.31
116.58 337.01
143.64 477.26
143.89 478.63
143.89 478.63
143.89 478.63
143.89 478.63
143.89 478.63
143.89 478.63
143.89 478.63
143.89 478.63
143.89 478.63
117.61 341.99
93.31 232.56
69.35 141.81
45.39 69.96
21.42 20.02
10.56 6.27
10.56 6.27
10.56 6.27
10.56 6.27
10.56 6.27
10.56 6.27
10766 6.27
10.56 6.27
10.56 8.27
3.16 0.8%
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PROJECT NO. | 151-273 BRIDGE NO. 05774 UNIT:[ Metric |
Ref. HEC-18., May 2001 (4th ed.)
SUMMARY
Contraction Scour Type: LIVE-BED Depth: 0.55 m Event: 500-YR
Local West Abut. #1 LEFT Eq.: Froehlich Depth: 0.73 m Event: 500-YR
Abutment East Abut. #2 RIGHT Eq.: Froehlich Depth: 0.60 m Event: 500-YR
CONTRACTION SCOUR
ve=Kuy"p™ Eq. 5.1
= 0.54 m/s Critacal velocity above which bed material of size D and smaller will be transported
Ku = 6.19 m (6.19 in Sl units; 11.17 in English units)
y= 3.73 m Average depth of flow upstream of the bridge
D= 0.00034 m Particle size forVe , m (use Dsgp)
V1= 3.29 m/s The mean velocity of the flow in the main channel or overbank area upstream of the brige opening
Vc < V1 Thus, LIVE-BED CONTRACTION SCOUR

Live-Bed Contraction Scour

Y2/Y1 = (Q2/Q1) ¥ (W1/W2)“' = .03 Eq. 5.2
Ys=Y2-Yo m Eq. 5.3
= 0.55 m Average contraction scour depth
Y1= 3.73 m Average depth in the upstream main channel
Y2 = 3.84 m Average depth in the contracted section
Yo = 3.28 m Existing depth in the contracted section before scour
Q1= 259.71 m3/s Flow in the upstream channel transporting sediment
Q2= 268.51 m3/s Flow in the contracted channel
W1 = 12.00 m Bottom width of the upstream main channel that is transporting bed material
W2 = 12.00 m Bottom width of the main channel in the contracted section less pier width
k1= 0.69 Exponent determined below ( Viw= 725 )
V*=  0.3626 =(To/p)"? or (gY1S1)" | shear velocity in the upstream section , m/s
W= 0.05 m/s Fall velocity of bed material based on the D, (Figure 5.8)
g= 9.81 m/s”2 Acceleration of gravity

S1= 0.002198 m/m

To=
p:

Slope of energy gradeline of main channel

131.46 Pa (N/m*2) Shear stess on the bed
1000 kg/m”3

Density of water

[

V¥w k1

Mode of Bed
Matenal
Transport

0.001

=
o
[=1
[
o
@

D..m

0.0001

Maostly contact
bed material
discharge
Some
suspended bed
material
discharge

=20 0.69

Mostly
suspended bed
material
discharge

0.00001

0.1
®, m/s

Figure 5.8. Fall velocity of sand-sized particles with specific gravity of 2.65 in metric units.
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Clear-Water Contraction Scour

y2 = [ KQ Eq.5.4
Dm“~ W
ys= y2-yo m Eq. 5.5
= N/A m Average contraction scour depth  LIVE-BED controls. Ignore this procedure

y2 = 2719 m Average equilibrium depth in the contracted section after contraction scour

yo = 3.28 m Average existing depth in the contracted section

Q= 269.01 m3/s Discharge through the bridge or on the set-back overbank area at the bridge associated with the width W

W= 12.00m Bottom width of the contracted section less pier widths

K,=  0.0250 (0.025 in Sl units; 0.0077 in English units)
Dm= 0.0004 m Diameter of the smallest nontransportable particle in the bed material (1.25 Ds0) in th contacted setion
D50 = 0.0003 m Median diameter of bed material

Because D50 is not the largest particle in the bed material, the scoured section can

be slightly armored. Therefore, the Dm is assumed to be 1.25 D50. For stratified bed
material the depth of scour can be determined by using the clear-water scour equation
sequentially with successive Dm of the bed material layers.
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Cross Sections used for Constraction Scour Computations

UPSTREAM SECTION 1900
Mad River, 151-273, Metric Plan: PROPOSED (New Surwey), ConnDOT Q
RS = 1900 Between I-84 (05774) and WB Exit 24 On-Ramp (06591)
sle N|
122- ‘é}‘.OoT .04 T .06 T .08 l -
2 gend
ﬂ WS 500 Year|
———
0.0 m/s
———
0.5 m/s
120+
1.0 m/s
1.5 m/s
[
2.0 m/s
——
2.5 m/s
118+ ——
3.0 m/s
—
3.5m/s
E Ground
é 1164 In.eff
5 Bank Sta
w
114+
112+
110 T T T T T 1
-20 -10 0 10 20 30 40
Station (m)
CONTRACTED SECTION 1807.5 BRU
Mad River, 151-273, Metric Plan: PROPOSED (New Surwey), ConnDOT Q
RS =1807.5 BR Proposed |-84 Bridge No. 05774
Lﬁ -08 % .04 :1J
1227 Legend
WS 500 Year
0 m/s
s
1m/s
1204
2 m/s
e
3 m/s
——
4m/s
—
5m/s
1184
Ground
w2 In.eff
\’é; Bank Sta
-,§ 116+
i)
i \\
1124
110 T T 1
-40 30 20 .. 05855 __ 20
Station (m) 71\
|
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UPSTREAM CHANNEL SECTION River Station Event:
HEC-RAS CROSS SECTION OUTPUT
Plan: PR_DOT Mad River Reach 1 RS: 1900 Profile: 500 Year
E.G. Elev (m) Element Left OB Channel Right OB Total
Vel Head (m) Wt. n-Val. 0.08 0.043 0.08
W.S. Elev (m) Reach Len. (m) 29.4 29.4 29.4
Crit W.S. (m) Flow Area (m2) 1.85 106.51 2.72
E.G. Slope (m/m) 0.002198 Area (m2) 1.85 107.17 272 111.74
Q Total (m3/s) Flow (m3/s) 0.96 266.76 1.3
Top Width (m) Top Width (m) 2.01 29.53 3.3
Vel Total (m/s) Avg. Vel. (m/s) 0.52 2.5 0.48
Max Chl Dpth (m) Hydr. Depth (m) 0.92 3.61 0.82 3.21 Flow dis. manual
Conv. Total (m3/s) Conv. (m3/s) 20.4 5689.6 27.7 Left WS Sta. -22 -14.02
Length Wtd. (m) Wetted Per. (m) 2.66 30.95 3.69 Left Convy Sta. -12.01 -14.02
Min Ch EI (m) Shear (N/m2) 15 74.18 15.89 Left Main Channel -12.01
Alpha Stream Power (N/m s) 1661.36 0 0 Right Main Channel 15
Frctn Loss (m) Cum Volume (1000 m3) 34.24 82.49 12.31 Right Convy Sta. 17.52 20.82
C & E Loss (m) Cum SA (1000 m2) 48.41 27.04 14.53 Right WS Sta. 20.82
L' (left) 2.01 L (left) 2.01
HEC-RAS FLOW DISTRIBUTION IN CROSS SECTION OUTPUT L' (Right) 5.82 L (Right) 5.82
W1 Q1, Qe Area Y1 \l
LEFT 0.96 1.85
Main 27.01 259.71 100.76 3.73 2.58
Right 1.3 2.72
Plan: PR_DOT Mad River Reach 1 RS: 1900 Profile: 500 Year
Pos Left Sta Right Sta Flow Area W.P. Percent  Hydr Velocity Shear Power
(m) (m) (m3/s) (m2) (m) Conv Depth(m) (m/s) (N/m2)  (N/ms)
1LOB -14.11 -13.85 0.02 0.08 0.6 0.01 0.45 0.3 2.71 0.82
210B -13.85 -13.59 0.05 0.15 0.29 0.02 0.57 0.36 11 3.91
3 LOB -13.59 -13.32 0.08 0.18 0.29 0.03 0.7 0.41 13.54 5.52
4 LOB -13.32 -13.06 0.1 0.22 0.29 0.04 0.83 0.46 16.07 7.35
5L0B -13.06 -12.8 0.13 0.25 0.29 0.05 0.97 0.5 18.61 9.38
6 LOB -12.8 -12.54 0.16 0.29 0.29 0.06 1.1 0.55 21.14 11.61
7 LOB -12.54 -12.27 0.19 0.32 0.29 0.07 1.23 0.59 23.68 14.02
8 LOB -12.27 -12.01 0.23 0.36 0.29 0.08 1.36 0.63 26.21 16.61
9 Chan -12.01 -10.55 4.08 2.63 1.64 1.52 1.79 1.55 34.54 53.68
10 Chan -10.55 -9.08 7.24 3.7 1.64 2.69 2.53 1.96 48.74 95.3
11 Chan -9.08 -7.62 11.04 4.77 1.64 4.1 3.25 2.31 62.8  145.38
12 Chan -7.62 -6.15 15.48 5.84 1.64 5.75 3.99 2.65 76.91 203.8
13 Chan -6.15 -4.69 19.65 6.48 1.48 7.3 4.42 3.03 942  285.74
14 Chan -4.69 -3.22 19.83 6.48 1.46 7.37 4.43 3.06 95.39 291.8
15 Chan -3.22 -1.76 19.83 6.48 1.47 7.37 4.43 3.06 95.39 291.8
16 Chan -1.76 -0.29 19.83 6.48 1.46 7.37 4.43 3.06 95.39 291.8
17 Chan -0.29 1.17 19.83 6.48 1.46 7.37 4.43 3.06 95.39 291.8
18 Chan 1.17 2.64 19.83 6.48 1.47 7.37 4.43 3.06 95.39 291.8
19 Chan 2.64 4.1 19.83 6.48 1.46 7.37 4.43 3.06 95.39 291.8
20 Chan 4.1 5.57 19.83 6.48 1.46 7.37 4.43 3.06 95.39 291.8
21 Chan 5.57 7.03 17.54 6.22 1.59 6.52 4.24 2.82 845  238.42
22 Chan 7.03 8.5 12.71 5.19 1.64 4.73 3.54 245 68.29  167.16
23 Chan 8.5 10.13 8.43 5.16 1.63 3.13 3.18 1.63 68.4  111.73
24 Chan 10.13 11.75 8.43 5.16 1.63 3.13 3.18 1.63 68.4  111.73
25 Chan 11.75 13.38 8.43 5.16 1.63 3.13 3.18 1.63 684  111.73
26 Chan 13.38 15 7.87 5.09 1.74 2.92 3.13 1.55 62.98 97.38
27 Chan 15 16.26 4.32 3.26 1.41 1.61 2.59 1.32 49.94 66.16
28 Chan 16.26 17.52 272 247 1.41 1.01 1.96 1.1 37.8 41.58
29 ROB 17.52 19.07 1.08 1.96 1.74 0.4 1.26 0.55 24.31 13.41
30 ROB 19.07 20.62 0.22 0.75 1.73 0.08 0.48 0.29 9.32 2.71
31 ROB 20.62 22.18 0 0.01 0.21 0 0.05 0.06 0.92 0.06
32 ROB
33 ROB
34 ROB
35 ROB
36 ROB
37
38
39
40
41
42
43
44
45
46
47
48
49
50
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CONTRACTED CHANNEL SECTION River Station[1807.5 BR U]

CROSS SECTION OUTPUT
Plan: PR_DOT Mad River Reach 1 RS:1807.5 BRU Profile: 500 Year

E.G. Elev (m) 114.7 Element Left OB Channel Right OB Total
Vel Head (m) 0.56 Wt. n-Val. 0.08 0.04 0.04
W.S. Elev (m) 114.15 Reach Len. (m) 58.8 58.8 58.8
Crit W.S. (m) 113.11 Flow Area (m2) 1.02 80.64 1.16
E.G. Slope (m/m) 0.005975 Area (m2) 1.02 80.64 1.16 82.82
Q Total (m3/s) 269.01 Flow (m3/s) 0.48 267.05 1.48
Top Width (m) 14.42 Top Width (m) [ 1341 1.01
Vel Total (m/s) 3.25 Avg. Vel. (m/s) 0.47 3.31 1.28
Max Chl Dpth (m) 4.14 Hydr. Depth (m) | 601 1.15 5.74 Flow dis. manual
Conv. Total (m3/s) 3480.1 Conv. (m3/s) 6.2 3454.7 19.2 Left WS Sta. -14.2 -19.1
Length Wtd. (m) 58.8 Wetted Per. (m) 3.02 35.94 2.16 Left Flood Sta. -12.01 -13.04
Min Ch EI (m) 110.01 Shear (N/m2) 19.8 131.46 31.48 Left Main Channel -12.01
Alpha 1.03 Stream Power (N/m s) 620.97 0 0 Right Main Channel 12.87
Frctn Loss (m) 0.38 Cum Volume (1000 m3) 34.2 76.73 12.25 Right Flood Sta. 10.76 12.87
C & E Loss (m) 0.01_Cum SA (1000 m2) 48.38 25.44 14.47 Right WS Sta. 12.97
L' (left) 1.03 L (left) 7.09
FLOW DISTRIBUTION IN CROSS SECTION OUTPUT L' (Right) 0 L (Right) 0.1
W1 Q1, Qe Area Y1 \l
LEFT 0.48 1.02
Main 24.88 268.51 81.72 3.28 3.29
Right 0.03 0.12
Plan: PR_DOT Mad River Reach 1 RS: 1807.5 BRU Profile: 500 Year
Pos Left Sta Right Sta Flow Area W.P. Percent  Hydr Velocity Shear Power
(m) (m) (m3/s) (m2) (m) Conv Depth(m) (m/s) (N/m2)  (N/ms)
1LOB -14.2 -12.01 0.48 1.02 3.02 0.18 0.99 0.47 19.8 9.28
2 Chan -12.01 -10.81 1.98 1.59 2.54 0.74 1.33 1.24 36.75 45.68
3 Chan -10.81 -9.61 3.72 2.32 2.54 1.38 1.94 1.6 53.65 85.82
4 Chan -9.61 -8.41 5.87 3.05 2.54 2.18 2.55 1.92 70.55  135.45
5 Chan -8.41 -7.22 8.39 3.79 2.54 3.12 3.16 222 87.45 193.74
6 Chan -7.22 -6.02 11.26 4.52 2.54 4.19 3.77 249 104.35 260.08
7 Chan -6.02 -4.82 13.4 49 24 4.98 4.09 273  119.75 32717
8 Chan -4.82 -3.62 13.48 4.92 24 5.01 4.1 274 12027  329.56
9 Chan -3.62 -2.42 13.56 4.94 24 5.04 4.12 275 120.69  331.47
10 Chan -2.42 -1.22 14.57 4.95 217 5.41 4.13 294  133.67 393
11 Chan -1.22 -0.02 21.69 4.96 1.2 8.06 4.14 437 24249 1060.41
12 Chan -0.02 1.17 21.69 4.96 1.2 8.06 4.14 4.37 24249 1060.41
13 Chan 1.17 2.37 21.69 4.96 1.2 8.06 4.14 437 24249 1060.41
14 Chan 2.37 3.57 21.69 4.96 1.2 8.06 4.14 4.37 24249 1060.41
15 Chan 3.57 477 21.69 4.96 1.2 8.06 4.14 437 24249 1060.41
16 Chan 4.77 5.97 21.69 4.96 1.2 8.06 4.14 4.37 24249 1060.41
17 Chan 5.97 7.17 17.91 4.62 1.34 6.66 3.85 3.88 20242 784.77
18 Chan 717 8.36 13.47 3.9 1.34 5.01 3.25 346 170.36  588.74
19 Chan 8.36 9.56 9.58 3.18 1.34 3.56 2.65 3.02 138.87 418.78
20 Chan 9.56 10.76 6.24 2.46 1.34 2.32 2.05 254 107.38 27279
21 Chan 10.76 11.96 3.5 1.74 1.34 1.3 1.45 2.02 75.89  152.96
22 ROB 11.96 12.06 0.16 0.12 0.1 0.06 1.15 1.39 67.28 93.54
23 ROB 12.06 12.16 0.16 0.12 0.1 0.06 1.15 1.39 67.28 93.54
24 ROB 12.16 12.26 0.16 0.12 0.1 0.06 1.15 1.39 67.28 93.54
25 ROB 12.26 12.36 0.16 0.12 0.1 0.06 1.15 1.39 67.28 93.54
26 ROB 12.36 12.46 0.16 0.12 0.1 0.06 1.15 1.39 67.28 93.54
27 ROB 12.46 12.57 0.16 0.12 0.1 0.06 1.15 1.39 67.28 93.54
28 ROB 12.57 12.67 0.16 0.12 0.1 0.06 1.15 1.39 67.28 93.54
29 ROB 12.67 12.77 0.16 0.12 0.1 0.06 1.15 1.39 67.28 93.54
30 ROB 12.77 12.87 0.16 0.12 0.1 0.06 1.15 1.39 67.28 93.54
31 ROB 12.87 12.97 0.03 0.12 1.25 0.01 1.15 0.26 5.44 1.41
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
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LIVE SCOUR AT ABUTMENTS

Froehlich's Live-Bed Abutment Scour Equation LEFT RIGHT
Ys/Ya = 2.27 K1 K2 (L'/Ya) " Fr*®' + 1= 2.46 226 e Eq. 7.1
Amended Local Scour Equation
Ys/Ya = 2.27 K1 K2 (L'/Ya) ®*** Fr®%' + 0.05 = 1.51 1.3 CT DOT DM Pg 9B-2
LEFT RIGHT
Ys = 0.73 0.60 m Scour depth <== using Amended equation
K1 = 1.00 1.00 Coeffcient for abutment shape (see Table 7.1 and Figrue 7.6)
K2 = 1.05 0.91 (6/90) %", Coefficient for angle of embankment to flow
6 = 135 45

0 < 90 degrees if embankment points downstream
0 > 90 degrees if embankment points upstream

L'= 1.59 1.59 m
Ae = 0.95 0.84 m”2
Fr= 0.19 0.19
Ve = 0.42 0.39 m/s
Qe = 04 0.33 m"3/s
Ya= 0.49 0.46 m

L= 1.95 1.83 m

(see Figure 7.5 for definition of 8)

Length of active flow obstructed by the embankment

(see Figure 7.4)

Flow area of the approach cross section obstructed by the embankment

Vel/(gYa)*0.5, Froude Number of approach flow upstream of the abutment

Qel/Ae

Flow obstructed by the abutment and approach embankment
Ae/L, Average depth of flow on the floodplain

Length of embankment projected normal to the flow

Table 7. 1. Abutment Shape Coefficients.
Description K,
Vertical-wall abutment 1.00
Vertical-wall abutment with wing walls 0.82
Spill-through abutment 0.55

Plan

- A
I,

Section A - A'

(&) Spill Through

(b) Vertical Wall (c) Vertical Wall with
Flarsd Wingwalls

Section A - A' Saction A - A

Figure 7.6, Abutment shape.

/4

L

7

| Right Embankment |

O~

4

|Ve| ocity

Ejual Cdnveyance Tubes

e

Figure 7.4. Determination of length of embankment blocking live flow for abutment

scour estimation.
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Figure 7.5. Orientation of embankment angle, &, to the flow.
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HIRE Live-Bed Abutment Scour Equation
LEFT RIGHT

Applicability check: Ly, = 1 0 Use HIRE Eq. only if L/Y ; > 25
YJY, =4 Fr®% K055 K,= N/A NA Eq. 7.1
LEFT  RIGHT
Y, = N/A N/A m Scour depth (N/A if L/Y, < 25)
K1 = 1.00 1.00 Coeffcient for abutment shape (see Table 7.1 on RIGHT)
Kz = 1.05 0.91 (8/90) %", Coefficient for angle of embankment to flow
Yi= 373  373m Depth of flow at the abutment on the overbank or in the main channel,
Fr= 0.19 0.19 Ve/(gYa)"0.5, Froude Number of approach flow upstream of the abutment

YJ/Y,= -5.08 + 1.27(Y,/H,) + 444 (H,/Y,) + 019 (V,/V.) = less than zero m
Y= N/Am Depth of vertical contraction scour relative to mean bed elevation
Y, = 574 m Depth of flow immediately upstream of the bridge (hydraulic depth at upstream face)
H, = 4.00 m Distance from the low chord of the bridge to the average elevation of the stream bed before scour
V, = 3.25 m/s Average velocity of the flow through the bridge opening before scour occurs
V.= 8.30 m/s Critical velocity of the D5, of the bed material in the bridge opening
Dso = (Design) 1.25m if different from the value used in the Constraction Scour computation
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Cross Sections Used for Local Abutment Scour Computations

APPROACH SECTION 1871
Mad River, 151-273, Metric Plan: PROPOSED (New Surwey), ConnDOT Q
RS = 1871 U/S of Prop 1-84 Bridge 05774
L L I
. .08 .04 .08 A
1227 ‘g"i - - g Legend
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0m/s
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2 m/s
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Station (m)
BRIDGE SECTION 1807.5 BRU
Mad River}, 151-273, Metric Plan: PROPOSED (New Surwey), ConnDOT 2
RS =1807.5 BR Proposed |-84 Bridge No. 05774
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UPSTREAM CHANNEL SECTION

CROSS SECTION OUTPUT
Plan: PR_DOT Mad River

Reach 1 RS: 1871

River Station 1871

Use the same data as in the contraction scour computation? |No
Profile: 500 Year

Event:

500-YR

E.G. Elev (m) 114.92 Element Left OB Channel Right OB Total
Vel Head (m) 0.47 Wt. n-Val. 0.048
W.S. Elev (m) 114.45 Reach Len. (m) 34.24 34.24 34.24
Crit W.S. (m) 113.26 Flow Area (m2) 88.36
E.G. Slope (m/m) 0.005258 Area (m2) 88.39 88.39
Q Total (m3/s) 269.01 Flow (m3/s) 269.01
Top Width (m) 29.26 Top Width (m) 29.26
Vel Total (m/s) 3.04 Avg. Vel. (m/s) 3.04
Max Chl Dpth (m) 4.28 Hydr. Depth (m) 3.06 3.02 Flow dis. manual
Conv. Total (m3/s) 3710 Conv. (m3/s) 3710 Left WS Sta. -15.48 -14.56
Length Wtd. (m) 34.24 Wetted Per. (m) 30.88 Left Convy Sta. -14.2
Min Ch EI (m) 110.17 Shear (N/m2) 147.53 Left Main Channel -12.61
Alpha 1 Stream Power (N/m s) 1002.08 0 0 Right Main Channel 12.87
Frctn Loss (m) 0.19 Cum Volume (1000 m3) 34.22 79.62 12.27 Right Convy Sta. 14.46
C & E Loss (m) 0.02 Cum SA (1000 m2) 48.38 26.17 14.49 Right WS Sta. 14.7
L' (left) 1.59 L (left) 1.95
FLOW DISTRIBUTION IN CROSS SECTION OUTPUT L' (Right) 1.59 L (Right) 1.83
W1 Q1, Qe Area Y1 V1
LEFT 0.4 0.95
Main 25.48 268.29 86.58 3.40 3.10
Right 0.33 0.84
Plan: PR_DOT Mad River Reach 1 RS: 1871 Profile: 500 Year
Pos Left Sta Right Sta Flow Area W.P. Percent  Hydr Velocity ~ Shear
(m) (m) (m3/s) (m2) (m) Conv Depth(m) (m/s) (N/m2)
1 Chan -15.48 -14.2 0 0.03 0.4 0 0.09 0 4.16
2 Chan -14.2 -12.61 0.4 0.92 1.78 0.15 0.58 0.43 26.73
3 Chan -12.61 -11.02 2.94 2.19 1.78 1.09 1.37 1.34 63.45
4 Chan -11.02 -9.42 7.7 3.46 1.78 2.66 217 2.07 100.02
5 Chan -9.42 -7.83 12.08 4.72 1.78 4.49 2.97 2.56 136.88
6 Chan -7.83 -6.24 17.91 5.98 1.78 6.66 3.76 2.99 173.41
7 Chan -6.24 -4.65 23.54 6.8 1.62 8.75 4.27 346  215.86
8 Chan -4.65 -3.06 23.94 6.81 1.59 8.9 4.28 3.51 220.57
9 Chan -3.06 -1.46 23.94 6.81 1.59 8.9 4.28 3.51 220.57
10 Chan -1.46 0.13 23.94 6.81 1.59 8.9 4.28 3.51 220.57
11 Chan 0.13 1.72 23.94 6.81 1.59 8.9 4.28 3.51 220.57
12 Chan 1.72 3.31 23.94 6.81 1.59 8.9 4.28 3.51 220.57
13 Chan 3.31 4.91 23.94 6.81 1.59 8.9 4.28 3.51 220.57
14 Chan 4.91 6.5 23.02 6.75 1.65 8.56 4.24 3.41 210.8
15 Chan 6.5 8.09 16.91 5.78 1.78 6.29 3.63 2.93 167.46
16 Chan 8.09 9.68 11.61 4.59 1.76 4.32 2.89 2.53 134.49
17 Chan 9.68 11.27 6.85 3.36 1.78 2.55 2.1 2.04 97.36
18 Chan 11.27 12.87 2.62 2.09 1.78 0.98 1.31 1.25 60.65
19 Chan 12.87 14.46 0.33 0.83 1.78 0.12 0.52 0.4 23.9
20 Chan 14.46 16.05 0 0.01 0.27 0 0.06 0.1 2.8
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

Bridge No. 05774

Power

(N/m's)
0
11.5
85.12
207.51
350.04
519.19
747.87
775.26
775.26
775.26
775.26
775.26
775.26
718.85
489.82
339.89
198.38
75.99
9.55
0.27
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BRIDGE SECTION
CROSS SECTION OUTPUT
Plan: PR_DOT Mad River

River Station| 1807.5 BR U
Use the same data as in the contraction scour computation?
Reach 1 RS:1807.5 BRU Profile: 500 Year

E.G. Elev (m) 114.7 Element Left OB Channel Right OB Total
Vel Head (m) 0.56 Wt. n-Val. 0.08 0.04 0.04
W.S. Elev (m) 114.15 Reach Len. (m) 58.8 58.8 58.8
Crit W.S. (m) 113.11 Flow Area (m2) 1.02 80.64 1.16
E.G. Slope (m/m) 0.005975 Area (m2) 1.02 80.64 1.16 82.82
Q Total (m3/s) 269.01 Flow (m3/s) 0.48 267.05 1.48
Top Width (m) 14.42 Top Width (m) 13.41 1.01
Vel Total (m/s) 3.25 Avg. Vel. (m/s) 0.47 3.31 1.28
Max Chl Dpth (m) 4.14 Hydr. Depth (m) 6.01 1.15 5.74
Conv. Total (m3/s) 3480.1 Conv. (m3/s) 6.2 3454.7 19.2 Left WS Sta.
Length Wtd. (m) 58.8 Wetted Per. (m) 3.02 35.94 2.16 Left Flood Sta.
Min Ch EI (m) 110.01 Shear (N/m2) 19.8 131.46 31.48 Left Main Channel
Alpha 1.03 Stream Power (N/m s) 620.97 0 0 Right Main Channel
Frctn Loss (m) 0.38 Cum Volume (1000 m3) 34.2 76.73 12.25 Right Flood Sta.
C & E Loss (m) 0.01 Cum SA (1000 m2) 48.38 25.44 14.47 Right WS Sta.
L' (left) 0
FLOW DISTRIBUTION IN CROSS SECTION OUTPUT L' (Right) -0.1
W1 Q1, Qe Area Y1
LEFT
Main 26.01 268.99 82.74 3.18
Right
Plan: PR_DOT ad River Reach 1 RS:1807.5 BRU Profile: 500 Year
Ros Left Sta Right Sta Flow Area W.P. Percent  Hydr
(m) (m) (m3/s) (m2) (m) Conv Depth(m)
1LOB -14.2 -12.01 0.48 1.02 3.02 0.18 0.99
2 Chan -12.01 -10.81 1.98 1.59 2.54 0.74 1.33
3 Chan -10.81 -9.61 3.72 2.32 2.54 1.38 .94
4 Chan -9.61 -8.41 5.87 3.05 2.54 2.18 2.55
5 Chan -8.41 -7.22 8.39 3.79 2.54 12 3.16
6 Chan -7.22 -6.02 11.26 4.52 2.54 4.19 3.77
7 Chan -8:Q -4.82 134 4.9 4 4.98 4.09
8 Chan -4.82 -3.62 13.48 4.92 24 5.01 4.11
9 Chan -3.62 -2.42 13.56 4.94 24 5.04 4.12
10 Chan -2.42 .22 14.57 495 217 5.41 4.13
11 Chan -1.22 -0.0 21.69 4.96 1.2 8.06 4.14
12 Chan -0.02 1.17 21,89 4.96 1.2 8.06 4.14
13 Chan 1.17 2.37 21.69 4.96 1.2 8.06 4.14
14 Chan 2.37 3.57 21.89 4.96 1.2 8.06 4.14
15 Chan 3.57 4. 21.69 4.96 1.2 8.06 4.14
16 Chan 4.77 .97 21.69 496 1.2 8.06 4.14
17 Chan 5.97 717 17.91 4.62 1.34 6.66 3.85
18 Chan 71 8.36 13.47 3.9 34 5.01 3.25
19 Chan 8736 9.56 9.58 3.18 1.34 3.56 2.65
20 Chan 9.56 10.76 6.24 2.46 1.34 2.32 2.05
21 Chan 10.76 11.96 3.5 1.74 1.34 1.45
22 ROB 11.96 12.06 0.16 0.12 0.1 0.06 1.15
23 ROB 12.06 12.16 0.16 0.12 0.1 0.06 15
24 ROB 12.16 12.26 0.16 0.12 0.1 0.06 1.15
25 ROB 12.26 12.36 0.16 0.12 0.1 0.06 1.15
26 ROB 12.36 12.46 0.16 0.12 0.1 0.06 1.15
ROB 12.46 12.57 0.16 0.12 0.1 0.06 1.15
28 ROB 12.57 12.67 0.16 0.12 0.1 0.06 1.15
29 ROB 12.67 12.77 0.16 0.12 0.1 0.06 1.15
30 ROB 12.77 12.87 0.16 0.12 0.1 0.06 1.15
31 ROB 12.87 12.97 0.03 0.12 1.25 0.01 1.15
BRIDGE OUTPUT River Station Low Chord Elev.|_114.01
Mean Channelbed Elev. 110.01
Plan: PR_DOT Mad River Reach 1 RS: 1807.5 Profile: 500 Year
E.G. US. (m) 114.92 Element Inside BR US Inside BR DS
W.S. US. (m) 114.45 E.G. Elev (m) 114.7 114.31
Q Total (m3/s) 269.01 W.S. Elev (m) 114.15 113.71
Q Bridge (m3/s) 269.01 Crit W.S. (m) 113.11 112.83
Q Weir (m3/s) Max Chl Dpth (m) 4.14 3.98
Weir Sta Lft (m) Vel Total (m/s) 3.25 3.42
Weir Sta Rgt (m) Flow Area (m2) 82.82 78.65
Weir Submerg Froude # Chl 0.52 0.55
Weir Max Depth (m) Specif Force (m3) 240.64 230.78
Min El Weir Flow (m) 115.82 Hydr Depth (m) 5.74 412
Min El Prs (m) 114.32 W.P. Total (m) 41.12 35.36
Delta EG (m) 0.85 Conv. Total (m3/s) 3480.1 3190.5
Delta WS (m) 1 Top Width (m) 14.42 19.09
BR Open Area (m2) 80.74 Frctn Loss (m) 0.38 0.22
BR Open Vel (m/s) 342 C&E Loss (m) 0.01 0.01
Coef of Q Shear Total (N/m2) 118.01 155.05
Br Sel Method Energy only Power Total (N/m s) -1287.92 -598.95

Bridge No. 05774

Flow dis.
-14.2
-12.01
-13.04
12.97
10.76

L (left)
L (Right)
V1

Velocity
(m/s)

0.47
1.24

1.6
1.92
2.22
2.49
2.73
2.74
2.75
2.94
4.37
4.37
4.37
4.37
4.37
4.37
3.88
3.46
3.02
2.54
2.02
1.39
1.39
1.39
1.39
1339
1.39
1.39
1.39
1.39
0.26

manual
-19.1
-13.04

12.87
12.97
6.06

ear
(N/m2)

19.8
36.75
53.65
70.55
87.45
104.35
119.75
120.27
120.69
133.67
242.49
242.49
242.49
242.49
242.49
242.49
202.42
170.36
138.87
107.38
75.89
67.28
67.28
67.28
67.28
67.28
67.28
5728
67.28
67.28
544

Power
(N/m's)
9.28
45.68
85.82
135.45
193.74
260.08
32717
329.56
331.47
393
1060.41
1060.41
1060.41
1060.41
1060.41
1060.41
784.77
588.74
418.78
272.79
152.96
93.54
93.54
93.54
93.54
93.54
93.54
93.54
93.54
Q3.54
1.24

Appendix B



songws

Line



songws

Line





Appendix C:

Geomorphic Characterization
and
Grain Size Distribution





Mad River, Waterbury, CT
Proposed Bridge No. 05774
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Reconstruction 1-84, Waterbury, CT
ConnDOT Project 151-273
Final Scour Report, Bridge No. 06284
May 2014

Executive Summary

This scour report has been prepared for the final design of proposed Bridge No. 06284, the 1-84
Eastbound Exit 25 Off-Ramp to Harpers Ferry Road over the Mad River. This bridge is one of
six (6) waterway crossings over the river to be constructed under the State Project No. 151-273,
improvements to Interstate 84 in Waterbury from Washington Avenue east to Pierpont Road.
The subject 4.3-kilometer (2.7 mile) long highway project has been designed by Ammann &
Whitney (formerly Berger, Lehman Associates, P.C. — BLA).

The location of the new bridge is approximately 190 meters (625 ft) downstream of the existing
crossing for the Eastbound Exit 25 Off-Ramp (existing Structure No. 06284). This relocation is
needed to accommodate shifting the 1-84 alignment 60 meters (200 ft) southerly in this area to
improve the horizontal geometry of the highway. The new crossing is located within the limits
of a proposed relocation of the Mad River (see River Relocation Report, Mad River, Beaver
Pond Brook).

The bridge will be a single span structure on a curved alignment with the superstructure elevated
at least 6.5 meters (21.3 ft) above the 100-year flood, and 5.8 meters (18.9 ft) above the 500-year
flood elevations. The proposed substructure will consist of concrete abutments founded on end
bearing H-piles terminating in glaciofluvial deposits. The proposed structure will be placed
skewed to the watercourse (43°). The bridge is located near the downstream limit of the
proposed Mad River relocation, and only 40 meters (130 ft) downstream of proposed 1-84 Bridge
No. 05774. However, the resulting backwater from the subject Off-Ramp Bridge No. 06284 will
not extend to the upstream 1-84 bridge.

This report finds that the proposed bridge will mainly be affected by the local scour at the
westerly abutment. The scour potential will be greatest during the 500-year event. The
computations indicated the depth of scour at the abutment could be as much as 1.41 m (including
the long-term scour), which still does not expose the piles supporting the substructure.

Table 1. NBIS Ratings and Scour Related Design Information

Recommended NBIS Item 113 Rating 8 (for 100-year design discharge)
Recommended NBIS Item 71 Rating 9
Recommended NBIS Item 61 Rating 8
Scour Risk Designation Low Risk
Depth of Potential Scour (500-year) 1.41 m (Abutment #1 — West);
0.9 m (Abutment #2 — East)
Foundation Type Abutment Footings on Piles
Recommendations Foundation Designed for Predicted
Scour (Long-term + Contraction)






Reconstruction 1-84, Waterbury, CT
ConnDOT Project 151-273
Final Scour Report, Bridge No. 06284
May 2014

Reference Reports

The following reports, prepared under separate covers for the project, should be referenced for
more detailed information pertinent to the hydrology and hydraulics for the subject reach of the
Mad River and the hydraulic design of Bridge No. 06284.

Overview Report for Hydraulic Design, CT DEP Flood Management Certification &
FEMA Conditional Letter Of Map Revision (CLOMR), Mad River & Beaver Pond Brook,
Waterbury, Connecticut prepared by ConnDOT, July 2006.

Hydrologic Report, Mad River prepared by BLA, September 1999

Hydraulic Analysis for Design Report, Mad River prepared by ConnDOT, revised April
2014.

Final River Relocation Report Mad River & Beaver Pond Brook prepared by BLA,
January 2004 and revised by ConnDOT, April 2006.

Mad River Floodplain/Floodway Analysis Report for FEMA CLOMR & CTDEP Flood
Management Certification prepared by ConnDOT, revised April 2014,

Project Overview

The information presented in this report are mostly derived from the hydraulic analyses
performed using the DOT "Design" discharges as presented in the Hydraulic Analysis for Design
Report, Mad River prepared by ConnDOT, revised April 2014. For complete hydrologic
information refer to Hydrologic Report, Mad River prepared by BLA (Ammann & Whitney),
September 1999. The summarized hydrologic information is shown in the table below.

Table 2. Hydrologic Information

Watershed Area: 62.26 km” (24.04 mi°)- Large Structure
Discharges: 100-Yr: 176.98 cms (6,250 cfs)
500-Yr: 269.01 cms (9,500 cfs)
Overtopping: >500 year

See the Overview Report referenced above for an overview of the project, the existing and the
proposed project conditions.
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Report Background

This scour report with the accompanying final hydraulic report has been prepared as part of the
final design for Bridge No. 06284, the Exit 25 On-Ramp to Westbound 1-84 over the Mad
River. The location of the new bridge is approximately 190 meters (625 ft) downstream of the
existing crossing. This relocation is needed to accommodate a southerly 60-meter (200-ft)
realignment of 1-84 in this area. The new crossing is also located within and near the
downstream limit of a proposed relocation of the Mad River.

Scour depths have been estimated following procedures set forth by the Federal Highway
Administration in Hydraulic Engineering Circular No. 18 (HEC-18), Estimating Scour at
Bridges, May 2001. As recommended on page 9.B-2 of the 2000 ConnDOT Drainage Manual,
the following Amended Local Abutment Scour Equation was utilized:

YoYa=[2.27 Ky Ko (L7Y2)"* Fr®] + 0.05 (ConnDOT)

This equation predicts scour depths for the 50" percentile as compared to the more conservative
HEC-18 version of Froehlich's equation (equation 7.1, page 7.8), which would have
encompassed 98% of the laboratory produced scour holes from the original study. The HEC-18
version of Froehlich’s equation is as follows:

YoYa=[2.27 Ky Ko (L7Y ) FrP®] + 1 (HEC-18)

A comparison of the two local abutment equations shows that ConnDOT’s version will predict
scour depths 0.95Y, less than proposed by HEC-18. Y, is the average depth of floodplain flow
at the upstream approach cross section.

The discharges used in this investigation have been approved by ConnDOT and are presented in
the September 1999 Hydrologic Report, Mad River, Waterbury, Connecticut prepared by BLA
(Ammann & Whitney). The discharges reported in the original 1979 and currently effective
2013 Waterbury Flood Insurance Studies are 25-30% lower than those approved by ConnDOT.

The hydraulic analysis completed for this investigation utilized HEC-RAS version 4.1.0
assuming mixed flow conditions. A CD containing the HEC-RAS data files is included in the
referenced Hydraulic Analysis for Design Report, Mad River.

To avoid confusion between existing and proposed crossings in the report, the existing crossing
is referred to as "Structure” followed by the ConnDOT bridge number, whereas the proposed
crossing is called out as "Bridge" (e.g. existing Structure No. 06284 versus proposed Bridge No.
06284).
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Proposed Bridge

This new Off-Ramp crossing will be located approximately 40 meters (130 ft) downstream of
the proposed 1-84 crossing (Bridge No. 05774) over the Mad River, or roughly 190 meters (625
feet) downstream of the existing Structure No. 06284, as indicated previously. This location is
also encompassed within a 520-meter (1,706-ft) reach of the Mad River which is to be
relocated.

Proposed Bridge No. 06284 will be a single span bridge with a clear span of approximately 51.5
meters (169 ft), measured along the roadway baseline between the abutment faces. Its
superstructure will consist of welded steel plate girders. The width of the structure,
perpendicular to the roadway baseline, will be 14.3 meters (47 ft). The roadway will be on a
curved alignment at approximately a 43° skew to the river baseline. The substructure will
consist of concrete abutments founded on end bearing H-piles terminating in glaciofluvial
deposits. In the Proposed Condition hydraulic model, the subject bridge is located at River
Station 1727.5.

According to the hydraulic analysis (based on DOT Design Discharges), superstructure of the
proposed bridge will be elevated well above the river with a minimum underclearance of
approximately 6.5 m (21.3 ft) to the 100-year, and 5.8 m (18.9 ft) to the 500-year water surface
elevations. The flow velocity through the bridge opening will be 2.98 m/s (9.78 ft/s) and 3.44
m/s (11.29 ft/s) respectively for the 100- and 500-year discharges.

Using the results of the analysis, the bridge abutments are located to minimize obstruction of
flood flows. The elevation of the 100-year design flood is approximately at the base of the
westerly abutment, Abutment 1. The base of Abutment No. 2, the easterly abutment, is elevated
above the 500-year flood level. Furthermore, as the flood flows upstream and through the
bridge will mostly be contained within the trapezoidal main channel, the resulting energy losses
and subsequent backwater from contraction is minimal. Accordingly, the backwater from this
bridge will not affect the proposed 1-84 Bridge No. 05774, even though they are located in
relatively close proximity.

Comparing the proposed 100-year waters surface profile to the existing condition profile reveals
that the new bridge will cause increases of 0.23 m (0.75 ft) and 0.35 m (1.15 ft) at the upstream
and downstream faces respectively. These increases will occur for a short distance along the
river, mainly inside the bridge, and are well contained within the ConnDOT right-of-way.
These increases can be attributed to the geometric changes in the river.

Upstream of the subject off-ramp bridge through the proposed 1-84 crossing, however, the
resulting waters surface profile of the proposed condition will be lower than the existing
condition. The profile will also be lower downstream of the bridge to the breached Century
Dam, or to approximately 150 meters (490 ft) downstream.
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The proposed bridge site falls within the reach of the Mad River affected by the 1998 partial
breach of Century Dam, which is located approximately 390 meters (1,280 ft) downstream of
the existing Structure No. 05774. Prior to the breach, City Mills Pond extended upstream
through the existing 1-84 crossing (Structure No. 05774), terminating approximately at the
downstream side of the next upstream roadway crossing (Plank Road Structure No. 05668). At
the time of the breach, the channel immediately upstream of the dam was apparently provided
with riprapped channel banks for a length of approximately 130 meters (425 ft). Upstream of
this segment to roughly the midpoint between the existing Structures No. 06284 and No. 05774,
the existing channel showed signs of erosion along the riverbanks displaying lateral instability
of the river caused by the breach of the dam. The riverbanks are actively eroding, forming
several shallow meanders. The erosion is beginning to encroach into a reported bulky landfill
site which was apparently active during the dam breach project. The source of the landfill
material is purportedly from the development of the Brass Mill Mall site in Waterbury.

In order to prevent the erosion in the post-project condition, the main channel bank having side
slopes of 2H to 1V will be constructed using Standard Riprap with a bottom width transitioning
from 14 meters (46 ft) to 12 meters (40 ft) in the vicinity of Bridge No. 06284. Just
downstream of the subject bridge, the channel will match into the existing channelized stream
section where it is more stable due the previously placed rirprap bank protection.

The overall vertical profile of the relocated channel will be maintained by a series of
strategically placed riprap grade control structures. The general concept of the grade control
structures is from the 1986 Swiss publication Blockschwellen (Block Ramps) by Whitttaker and
Jaggi. These structures will serve as hard-points along the channel bottom to limit channel
headcutting. Between the grade control structures, 600 mm (24 in.) of Gravel Streambed
Material will be placed along the channel invert to simulate a "natural” riverbed. This substrate
will maintain the continuity of sediment supply through the reach, similar to a natural channel.
The gravel material will also serve as a foundation for the development of a diverse and
productive aquatic habitat.
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Scour Potential Assessment and Results

Scour computations were completed for the 100- and 500-year frequency discharges. The
computations for the lower frequency discharges were not performed as the degree of
contraction, velocity and other flow variables were found relatively moderate compared to the
conditions under the above high frequency discharges.

The estimate of Dsp was based on a soil sample of existing material taken in the vicinity of the
proposed bridge (see Figure 4). The bottom of the proposed channel will actually be laid with
Gravel Streambed Material which is intended as sediment supply medium, as indicated
previously. However, the composition, thickness and the relative vertical location of this layer
will change over time, as it is displaced and replenished with the sediment supply from upstream
- mainly until the proposed channel stabilizes, and a balance in sediment transport is established.
Moreover, as the median particle size of the proposed channel-bed material is larger than that of
the soil sample, the dsp used in the computation is deemed to produce more conservative results.

Figure 4. Soil Sample (For estimating Ds, for scour analysis)

»

2 Sy ! \ s

U s - EFE
Scour analysis Soil Sample #2 in vicinity of Station MR 1+720, northerly riverbank looking
downstream, 12/7/00
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Computed scour depths for the 100-and 500-year return frequencies are as follows:

Table 3. Summary of Computed Scour Depths

Scour Depths (m)
100 Year Amended Amended
Long-Term | Contraction | Abutment Total
Abutment 1 (Western) 0.9 0.0 0.32 1.22
Abutment 2 (Eastern) 0.9 0.0 0.0 0.9
Scour Depths (m)
500 Year Amended Amended
Long-Term | Contraction | Abutment Total
Abutment 1 (Western) 0.9 0.0 0.51 1.41
Abutment 2 (Eastern) 0.9 0.0 0.0 0.9

Long-term channel scour was assumed to be 0.9 meter (3 feet) to account for potential future
channel degradation and will largely be controlled by the proposed riprap grade control
structures. As discussed previously, the general concept of the grade control structures is from
the publication Blockschwellen by Whittaker and Jaggi. The design assumes that the structures
will act as hard-points along the channel bottom to limit channel headcutting. As scour holes
develop downstream of the grade control structures, rocks from the grade control structures will
launch into the scour holes. Eventually, equilibrium will be reached when a sufficient quantity
of stone has been launched into the scour holes, completely armoring the holes, and preventing
further channel degradation. The volume of the constructed grade control structure must be
sufficient to provide enough rock to launch into the scour hole to an adequate depth to armor the
scour hole and still provide grade control protection in its constructed location. The thickness of
the proposed grade control structures (1+775 and 1+695) is 2 meters (6.6 ft) with a length, along
the river baseline, of 6 meters (20 ft). It is assumed that the anticipated launching of the rocks
could reduce the thickness of the grade control structure by as much as 0.9 meter (3 ft) and result
in a corresponding lowering of the constructed channel profile (long-term channel degradation).

The computed scour depths are relatively minimal for discharges up to and including the 500-
year event. This can mainly be attributed to the river channelization which reduces the
contraction of flow through the structure. There is no abutment scour for the eastern abutment,
as it is located outside the flood limits. In case of the western abutment, its downstream end sits
closer to the main channel and obstructs the flow. Accordingly, the local scour is anticipated.
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Structural Design Review and Conclusions

Footing

Page 2.4 of HEC-18 states:

Placing the top of the footing or pile cap below the streambed a depth equal to the
estimated long-term degradation and contraction scour depth will minimize
obstruction to flood flows and resulting local scour.

For Abutment No. 1, the top of the footing has been located below the sum of the long-term and
contraction scour depths for the 100-year design discharge. The base of Abutment No. 2 is
elevated well above the elevation of not only the 100-year, but also the 500-year flood as well;
therefore, the footing elevation was set without consideration of scour. Along this reach of the
proposed channel, heavy riprap will be placed along both riverbanks, extending 3 meters (10 ft)
vertically above and toed-in 2 meters (6.6 ft) below the river profile. This protection, although
not considered a scour countermeasure, will reduce scour potential. This channel bank riprap
protection has primarily been designed using the procedures described in the HEC-11. The
detailed analysis is included in the referenced Final River Relocation Report, Mad River &
Beaver Pond Brook.

Piles

The typical guideline for pile supported abutments is to design the substructure using normal
factors of safety assuming the piles are unsupported to the depth of total scour (long-term plus
contraction plus amended local abutment) for the design discharge. The calculations indicate
that the depth of total scour will not expose the piles at Abutment No. 1 for the 100-year design
discharge. As stated above, the base of Abutment No. 2 is elevated well above the 500-year
flood elevation and should not be susceptible to scour.

"Superflood”

Page 2.4 of HEC-18 recommends that the foundation design should be checked for scour
conditions resulting from a "Superflood”. The design "should have a minimum factor of safety
of 1.0 (ultimate load) under the superflood conditions.” For this bridge, the 500-year flood was
assumed to be the "Superflood”. The scour computations indicate that at Abutment No. 1 the
"Superflood” will not expose the piles, as with the 100-year design discharge. For Abutment
No. 2, the foundation should not be susceptible to scour because the base is elevated above the
500-year flood height.
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Figure 5. Scour Depth Cross Sections
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Appendix A: Structure Plans & Details

(Note: The plans and details included in this report are
intended for information purposes only. If there are
any discrepancies to the actual construction or “as-
built” plans, the information reflected on the
construction or “as-built” plans shall be construed
more accurate.)
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Appendix B: Scour Computations

Based on DOT Design Discharges

o Summary Sheet

o 100-YR Contraction Scour
o 100-YR Abutment Scour
o 500-YR Contraction Scour

o 500-YR Abutment Scour





Final Design
Bridge No. 06284
Eastbound Exit 24 Off-Ramp to Harpers Ferry Road

Computed Scour Depths using Froehlich's Abutment Scour Equation

July 2006 - Revised March 2014

Abutment #1- Westerly Abutment or Left Abutment Looking Upstream

Ave. Flow Scour Depth (m)
Depth Abutment | Amended | Amended

Flood Recurrence | Obstructed | Long-Term | Contraction | Equation | Abutment Total

Q100 0.28 0.9 0.00 Froehlich 0.32 1.22

Qs00 0.86 0.9 0.00 Froehlich 0.51 1.41

Overtopping > Qs00
Abutment #2- Easterly Abutment or Right Abutment Looking Upstream
Ave. Flow Scour Depth (m)
Depth Abutment | Amended | Amended

Flood Recurrence | Obstructed | Long-Term | Contraction [ Equation | Abutment Total

Q1o 0.00 0.9 0.00 N/A 0.00 0.90

Qs00 0.00 0.9 0.00 N/A 0.00 0.90

Overtopping > Qs00
Comparison of Footing Elevations to Computed Scour Depths
Elevation (m) Assumed Elevation of Scour at Abutment (m)
Ground 100 Year Discharge 500 Year Discharge
Elevation at | Long-Term Long-Term
Abutment Top of Bottom of Base of * *

No. Depth of Footing (m) | Footing Footing Abutment | Contraction Total Contraction Total
1 1.95 110.95 109.00 112.00 111.10 110.78 111.10 110.59
2 1.95 111.95 110.00 114.00 113.10 113.10 113.10 113.10

Abutment No. 1

-Top of footing below the sum of long-term channel degradation and contraction scour depths for the 100 year discharge- Design OK

-Computed total scour depth for the 100 year discharge is above the bottom of the footing, piles are not exposed by scour

-Computed total scour depth for the 500 year discharge is above the bottom of the footing, piles are not exposed by scour

Abutment No. 2

-Top of footing below the sum of long-term channel degradation and contraction scour depths for the 100 year discharge- Design OK

-Computed total scour depth for the 100 year discharge is above the bottom of the footing, piles are not exposed by scour

-Computed total scour depth for the 500 year discharge is above the bottom of the footing, piles are not exposed by scour

Bridge No. 06284
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PROJECT NO. | 151-273 BRIDGE NO. 06284 UNIT:[ Metric |
Ref. HEC-18., May 2001 (4th ed.)
SUMMARY
Contraction Scour Type: LIVE-BED Depth: 0.00 m Event: 100-YR
Local West Abut. #1 LEFT Eq.: Froehlich Depth: 0.32 m Event: 100-YR
Abutment East Abut. #2 RIGHT Eq.: N/A Depth: N/A m Event: 100-YR
CONTRACTION SCOUR
ve=Kuy"p™ Eq. 5.1
= 0.50 m/s Critacal velocity above which bed material of size D and smaller will be transported
Ku = 6.19 m (6.19 in Sl units; 11.17 in English units)
y= 232 m Average depth of flow upstream of the bridge
D= 0.00034 m Particle size forVe , m (use Dsgp)
V1= 3.01 m/s The mean velocity of the flow in the main channel or overbank area upstream of the brige opening

Ve < V1 Thus, LIVE-BED CONTRACTION SCOUR

Live-Bed Contraction Scour

Y2/Y1 = (Q2/Q1) ¥ (W1/W2)“ = .02 Eq. 5.2
Ys=Y2-Yo m Eq. 5.3
= -0.06 m Average contraction scour depth
Y1= 2.32m Average depth in the upstream main channel
Y2 = 2.36 m Average depth in the contracted section
Yo = 242 m Existing depth in the contracted section before scour
Q1= 176.98 m3/s Flow in the upstream channel transporting sediment
Q2= 176.57 m3/s Flow in the contracted channel
W1 = 2493 m Bottom width of the upstream main channel that is transporting bed material
W2 = 24.24 m Bottom width of the main channel in the contracted section less pier width
k1= 0.69 Exponent determined below ( Viw= 831 )
V*=  0.4155 =(Tolp)"? or (gY1S1)" | shear velocity in the upstream section , m/s
W= 0.05 m/s Fall velocity of bed material based on the D, (Figure 5.8)
g= 9.81 m/s”2 Acceleration of gravity
S1= 0.007587 m/m Slope of energy gradeline of main channel
To= 107.48 Pa (N/m”*2) Shear stess on the bed
p= 1000 kg/m*3 Density of water
10 I
. Mode of Bed
1 V¥w k1 Material
| O | VOO WO O 59 53| SN Transport
0.001 Maostly contact
‘ ' <0.50 0.59 bed material
E £ discharge
E_ - Some
P SR PSS, S NG 981 | . (a) 0.50 to 0.64 Suspe_nded bed
20 material
01 0.0001 discharge
Mostly
.9 0 069 suspended bed
’ o material
.................. discharge
0.01 — 0.00001
0.001 0.01 01
®, m/s
Figure 5.8. Fall velocity of sand-sized particles with specific gravity of 2.65 in metric units.
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Clear-Water Contraction Scour

y2= [ K@ p7 Eq. 5.4
Dm“" W
ys= y2-yo m . Eq. 5.5
= N/Am Average contraction scour depth  LIVE-BED controls. Ignore this procedure
y2 = 10.39 m Average equilibrium depth in the contracted section after contraction scour
Yo = 242 m Average existing depth in the contracted section

176.98 m3/s Discharge through the bridge or on the set-back overbank area at the bridge associated with the width W
m Bottom width of the contracted section less pier widths

0.0250 (0.025 in Sl units; 0.0077 in English units)

m Diameter of the smallest nontransportable particle in the bed material (1.25 D50) in th contacted setion
0.0003 m Median diameter of bed material

<

¥ xso0
||'||'||

W)
a
S

Because D50 is not the largest particle in the bed material, the scoured section can

be slightly armored. Therefore, the Dm is assumed to be 1.25 Ds50. For stratified bed
material the depth of scour can be determined by using the clear-water scour equation
sequentially with successive Dm of the bed material layers.
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Cross Sections used for Constraction Scour Computations

UPSTREAM SECTION 1748
Mad River, 151-273, Metric Plan: PROPOSED (New Surwey), ConnDOT Q
RS = 1748 Between Proposed Bridges 06284 & 05774
L Sk Sle Sle !
124- D 0 7 o D .08 T .04 T .08 o -
4 2 gend
WS 100 Year|
—————
0 m/s
122+
1mis
2 m/s
—
3 m/s
120+ —
4 m/s
Ground
A
118 w1 "ot
< > Bank Sta
E
S
= 1164
|
]
114
112
110+
108 T T T T T 1
-40 -30 -20 -10 0 10 20
Station (m)
CONTRACTED SECTION 1727.5 BRU
Mad River, 151-273, Metric Plan: PROPOSED (New Surwey), ConnDOT Q
RS =1727.5 BR Proposed I-84 E24 Off-Ramp Bridge No.06284
k 0 K 04 X
_ N e T : 0
126 g Legend
i WS 100 Year|
//—// 0m/s
124+
1m/s
2 m/s
1227 3m/s
—
B 4 mls
1204 Ground
Ineff
1 w2 BanT( Sta
<
€ 1187
c
S ]
|
w1164
114+
1127
110+
108 T T T T T 1
-40 -30 -20 -10 0 10 20
Station (m)
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UPSTREAM CHANNEL SECTION River Station Event:

CROSS SECTION OUTPUT

Plan: PR_DOT Mad River Reach 1 RS: 1748 Profile: 100 Year

E.G. Elev (m) 113.2 Element Left OB Channel Right OB Total

Vel Head (m) 0.48 Wt. n-Val. 0.048

W.S. Elev (m) 112.72 Reach Len. (m) 9.4 9.4 9.4

Crit W.S. (m) 112.02 Flow Area (m2) 57.82

E.G. Slope (m/m) 0.007587 Area (m2) 57.82 57.82

Q Total (m3/s) 176.98 Flow (m3/s) 176.98

Top Width (m) 24.93 Top Width (m) 24.93

Vel Total (m/s) 3.06 Avg. Vel. (m/s) 3.06

Max Chl Dpth (m) 3.08 Hydr. Depth (m) 2.32 2.32 Flow dis. manual

Conv. Total (m3/s) 2031.8 Conv. (m3/s) 2031.8 Left WS Sta. -13 -12.46

Length Wtd. (m) 9.4 Wetted Per. (m) 26.39 Left Convy Sta. -13 -12.46

Min Ch EI (m) 109.64 Shear (N/m2) 163.05 Left Main Channel -12.46

Alpha 1 Stream Power (N/m s) 795.26 0 0 Right Main Channel 12.47

Frctn Loss (m) 0.06 Cum Volume (1000 m3) 9.8 54.48 4.21 Right Convy Sta. 13.86 12.47

C & E Loss (m) 0.01 Cum SA (1000 m2) 23.42 23.3 6.42 Right WS Sta. 12.47
L' (left) 0 L (left) 0

FLOW DISTRIBUTION IN CROSS SECTION OUTPUT L' (Right) 0 L (Right) 0

W1 Q1, Qe Area Y1 V1

Plan: PR_DOT Mad River
Pos

Reach 1

1 Chan
2 Chan
3 Chan
4 Chan
5 Chan
6 Chan
7 Chan

9 Chan
10 Chan

Bridge No. 06284

Left Sta
(m)

24.93

Profile: 100 Year
Right Sta

-10.34

10.9
13.56

8.25
10.9

Flow
(m3/s)

176.99

Area

57.81

3.83
0.61

2.32

rcent  Hydr Velocity Shear
Conv Depth(m) (m/s) (N/m2)
0.48 0.53 0.75 35.26
5.6 1.72 217 114.65
13.81 29 3.17  202.91
15.94 3.08 344  229.48
15.94 3.08 344 22948
3.08 344  229.48
344  229.48
186

1.44
0.39

1.84
0.4

25.95

Power
(N/m's)

26.46
248.67
643.91
790.49
790.49
790.49
790.49

557
176.54
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CONTRACTED CHANNEL SECTION River Station | 1727.5 BR U
CROSS SECTION OUTPUT
Plan: PR_DOT Mad River Reach 1 RS:1727.5 BRU Profile: 100 Year

E.G. Elev (m) 113.14 Element Left OB Channel Right OB Total
Vel Head (m) 0.46 Wt. n-Val. 0.06 0.04 0.04
W.S. Elev (m) 112.68 Reach Len. (m) 19.7 19.7 19.7
Crit W.S. (m) 111.95 Flow Area (m2) 0.6 58.73 0
E.G. Slope (m/m) 0.004769 Area (m2) 1.89 58.73 0 60.62
Q Total (m3/s) 176.98 Flow (m3/s) 0.41 176.57 0
Top Width (m) 31.01 Top Width (m) 6.64 24.24 0.14
Vel Total (m/s) 2.98 Avg. Vel. (m/s) 0.68 3.01 0.17
Max Chl Dpth (m) 3.07 Hydr. Depth (m) 0.46 242 0.03 1.95 Flow dis. manual
Conv. Total (m3/s) 2562.7 Conv. (m3/s) 5.9 2556.8 0 Left WS Sta. -18.51 -18.33
Length Wtd. (m) 19.7 Wetted Per. (m) 1.31 25.55 0.15 Left Flood Sta. -13 -13
Min Ch EI (m) 109.61 Shear (N/m2) 21.27 107.48 1.42 Left Main Channel -11.69
Alpha 1.01 Stream Power (N/m s) 784.24 0 0 Right Main Channel 12.63
Frctn Loss (m) 0.09 Cum Volume (1000 m3) 9.8 53.93 4.21 Right Flood Sta. 12.55 12.69
C & E Loss (m) 0.01 Cum SA (1000 m2) 23.39 23.07 6.42 Right WS Sta. 12.69
L' (left) 1.31 L (left) 6.64
FLOW DISTRIBUTION IN CROSS SECTION OUTPUT L' (Right) 0.06 L (Right) 0.06
W1 Q1, Qe Area Y1 V1
LEFT 0.41 1.89
24.32 176.58 58.73

Plan: PR_DOT Mad River ch 1 RS:1727.5 BRU Profile: 100 Year

Pos Right Sta Flow Area W.P. Percent H Velocity Shear Power

(m) (m) (m3/s) (m2) (m) Conv Depth(m) (m/s) (N/m2)  (N/ms)
1LOB -17.13 0 0.12 0 0.1 0 4.7 0
21L0B ; -15.75 . 0 0.19 0 9.1 0
3 LOB -15.75 1.38 0 0.28 0 13.19 0
4 LOB -14.38 1.38 0 0.37 0 17.28 0
5L0B -13 0.6 1.31 0.23 0.46 0.68 21.27 14.48
6 Chan -11.69 2.71 2.37 1.1 1.57 46.13 72.3
7 Chan -9.27 . d 2.71 8.13 2.31 2.57 96.75  248.45
8 Chan 13.82 3.06 3.3 140.96  465.19
9 Chan 3.07 3.34 143.47  479.04
10 Chan 3.07 3.34 143.47  479.04
11 Chan 3.34 143.47  479.04
12 Chan 3.34 143.47  479.04

404.66
176.39
15 Chan
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LIVE SCOUR AT ABUTMENTS

Froehlich's Live-Bed Abutment Scour Equation LEFT RIGHT
Ys/Ya = 2.27 K1 K2 (L'/Ya)*@ Fr*®" + 1= 2.09 NA Eq. 7.1
Amended Local Scour Equation
Ys/Ya = 2.27 K1 K2 (L'/Ya) *** Fr®%' + 0.05 = 1.14 NA CT DOT DM Pg 9B-2
LEFT RIGHT

Ys = 0.32 N/A m Scour depth <== using Amended equation

K1 = 0.82 0.55 Coeffcient for abutment shape (see Table 7.1 and Figrue 7.6)

K2 = 1.05 0.91 (6/90)°"®, Coefficient for angle of embankment to flow

6 = 135 45

0 < 90 degrees if embankment points downstream
0 > 90 degrees if embankment points upstream
(see Figure 7.5 for definition of 8)
L'= 1.31 0.00 m Length of active flow obstructed by the embankment
(see Figure 7.4)

Ae = 1.89 0.00 m”2 Flow area of the approach cross section obstructed by the embankment
Fr= 0.13 N/A Vel/(gYa)*0.5, Froude Number of approach flow upstream of the abutment
Ve = 0.22 N/A m/s Qe/Ae
Qe = 0.41 0 m”3/s Flow obstructed by the abutment and approach embankment
Ya= 0.28 N/A m Ae/L, Average depth of flow on the floodplain

L= 6.64 Om Length of embankment projected normal to the flow

Table 7.1. Abutment Shape Ceefiicienis.

Description K,
Vertical-wall abutment 1.00
Vertical-wall abutment with wing walls 0.82
Spill-through abutment 0.55

Plan

A AR
Zilll N —
Saction A - A' Seclion A - A' Section A - A'
(&) Spill Through (b} Vertical Wall () Vartical Wall with

Flared Wingwalls

Figure 7.6, Abutment shape.

4

| L

7

| Right Embankment |

&

77

|Ve| ocity

Ejual Cdnveyance Tubes

e

Figure 7.4. Determination of length of embankment blocking live flow for abutment
scour estimation.

Bridge No. 06284

Figure 7.5. Orientation of embankment angle, &, to the flow.
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HIRE Live-Bed Abutment Scour Equation

LEFT RIGHT

Applicability check: Ly, = 3 N/A Use HIRE Eq. only if L/Y ; > 25
YJY,=4 Fr"® K055 K,= N/A NA Eq. 7.1
LEFT RIGHT
Ys = N/A N/A m Scour depth (N/A if L/Y, < 25)
K1 = 0.82 0.55 Coeffcient for abutment shape (see Table 7.1 on RIGHT)
Kz = 1.05 0.91 (6/90)°"®, Coefficient for angle of embankment to flow
Yi= 232  NAm Depth of flow at the abutment on the overbank or in the main channel,
Fr= 0.13 N/A Vel(gYa)*0.5, Froude Number of approach flow upstream of the abutment

Bridge No. 06284
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Cross Sections Used for Local Abutment Scour Computations

APPROACH SECTION

1748

Mad River, 151-273, Metric Plan: PROPOSED (New Survey), ConnDOT Q
RS =1748 Between Proposed Bridges 06284 & 05774
‘L J.( I
124- )(7'02*){6)(7'% > .04 > .oa*)d
4 2 Legend
WS 100 Year
122+ ———
0 m/s
1m/s
1207 2 m/s
I
3 m/s
118 _—
\Ef Ground
£ 1169 y - Ineff
5 —’ 4— [ ]
[} Bank Sta
1144 /l“
112+
110
108 T T T T T T T T T T T T T T ]
40 30 20 -10 0 10 20 30 40
Station (m)
BRIDGE SECTION 1727.5 BR U
Mad River, 151273, Metric Plan: PROPOSED (New Survey), ConnDOT Q
R$ =1727.5 BR Proposed I-84 E24 Off-Ramp Bridge No.06284
k 0 04 '
_ N e T : 0
126 g Legend
. . | | e WS 100 Year
1241 The active flow is| ——————77] T
i *
122] mainly As the RT s
obstructed by abutment is 2 mis
R —
1204 |the LT abutment . - located outside of 3 m/s
. I
- not at its entry L the 500-year flood 4 mis
E 1184 . Ground
E point, but rather flow as shown, the I'°“f:
3 . ne
& 116 asit passes . length obstructed Bars sta
o] th_rough the > 1< by the abutment is
bridge - by the zero. Thus, the
1121 [downstream local abutment
portion of the scour is not likely
110
108 T T T T T T ]
40 30 20 -10 0 10 20 30 40
Station (m)
BRIDGE SECTION 1727.5 BRD
Mad River, 1p1-273, Metric Plan: PROPOSED (New Survey), ConnDOT Q
RS =1727.5 BR Proposed |-84 E24 Off-Ramp Bridge No.06284
k 06 ke 04 S 06 5]
126 F . T . Tl : 1
2 Legend
WS 100 Year|
124+ | —]
0m/s
122+ 1 m/s
2 m/s
I
120 3 m/s
I
4 m/s
£ 1184 Ground
'*g Ineff
o 116 * Banz Sta
114+
121 0.32m S S
110
108 T T T T T T T J
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UPSTREAM APPROACH CHANNEL SECTION

CROSS SECTION OUTPUT
Plan: PR_DOT Mad River

River Station 1748

Use the same data as in the contraction scour computation? |No
Reach 1 RS: 1748 Profile: 100 Year

Event:

100-YR

Total

57.82

2.32

Left WS Sta.

Left Flood Sta.

Left Main Channel
Right Main Channel
Right Flood Sta.

E.G. Elev (m) 113.2 Element Left OB Channel Right OB
Vel Head (m) 0.48 Wt. n-Val. 0.048
W.S. Elev (m) 112.72 Reach Len. (m) 9.4 9.4 9.4
Crit W.S. (m) 112.02 Flow Area (m2) 57.82
E.G. Slope (m/m) 0.007587 Area (m2) 57.82
Q Total (m3/s) 176.98 Flow (m3/s) 176.98
Top Width (m) 24.93 Top Width (m) 24.93
Vel Total (m/s) 3.06 Avg. Vel. (m/s) 3.06
Max Chl Dpth (m) 3.08 Hydr. Depth (m) 2.32
Conv. Total (m3/s) 2031.8 Conv. (m3/s) 2031.8
Length Wtd. (m) 9.4 Wetted Per. (m) 26.39
Min Ch EI (m) 109.64 Shear (N/m2) 163.05
Alpha 1 Stream Power (N/m s) 795.26 0 0
Frctn Loss (m) 0.06 Cum Volume (1000 m3) 9.8 54.48 4.21
C & E Loss (m) 0.01 Cum SA (1000 m2) 23.42 23.3 6.42
FLOW DISTRIBUTION IN CROSS SECTION OUTPUT
W1 Q1, Qe Area
LEFT
Main 24.93 176.99 57.81
Right
Plan: PR_DOT Mad River Reach 1 RS: 1748 Profile: 100 Year
Pos Left Sta Right Sta Flow Area W.P.
(m) (m3/s) (m2) (m)
1 Chan -13 -10.34 0.84 1.12 2.37
2 Chan -10.34 -7.69 9.92 4.57 2.97
3 Chan -7.69 -5.03 24.43 7.7 2.82
4 Chan -5.03 -2.38 28.22 8.19 2.66
5 Chan -2.38 0.28 28.22 8.19 2.66
6 Chan 0.28 2.94 28.22 8.19 2.66
7 Chan 2.94 5.59 28.22 8.19 2.66
8 Chan 5.59 8.25 21.63 7.22 2.89
9 Chan 8.25 10.9 7.04 3.83 2.97
10 Chan 10.9 13.56 0.25 0.61 1.75

Bridge No. 06284

Right WS Sta.
L' (left) 0
L' (Right) 0
Y1
2.32
Percent  Hydr

Conv Depth(m)
0.48 0.53

5.6 1.72

13.81 29
15.94 3.08
15.94 3.08
15.94 3.08
15.94 3.08
12.22 2.72
3.98 1.44

0.14 0.39

Flow dis.
-13
-13
-12.46
12.47
13.86

L (left)
L (Right)
V1

83.46

Velocity
(m/s)
0.75
217
3.17
3.44
3.44
3.44
3.44
2.99
1.84
0.4

manual
-12.46
-12.46

12.47
12.47

Shear

(N/m2)
35.26
114.65
202.91
229.48
229.48
229.48
229.48
186
96.04
25.95

Power

(N/m's)
26.46
248.67
643.91
790.49
790.49
790.49
790.49
557
176.54
10.45
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BRIDGE SECTION
CROSS SECTION OUTPUT
Plan: PR_DOT Mad River

River Station | 1727.5 BR U

Use the same data as in the contraction scour computation?
Reach 1 RS:1727.5 BRU Profile: 100 Year

E.G. Elev (m) 113.14 Element Left OB Channel Right OB Total
Vel Head (m) 0.46 Wt. n-Val. 0.06 0.04 0.04
W.S. Elev (m) 112.68 Reach Len. (m) 19.7 19.7 19.7
Crit W.S. (m) 111.95 Flow Area (m2) 0.6 58.73 0
E.G. Slope (m/m) 0.004769 Area (m2) 1.89 58.73 0 60.62
Q Total (m3/s) 176.98 Flow (m3/s) 0.41 176.57 0
Top Width (m) 31.01 Top Width (m) 6.64 24.24 0.14
Vel Total (m/s) 2.98 Avg. Vel. (m/s) 0.68 3.01 0.17
Max Chl Dpth (m) 3.07 Hydr. Depth (m) 0.46 2.42 0.03 1.95 Flow dis. manual
Conv. Total (m3/s) 2562.7 Conv. (m3/s) 5.9 2556.8 0 Left WS Sta. -18.51 -18.33
Length Wtd. (m) 19.7 Wetted Per. (m) 1.31 25.55 0.15 Left Flood Sta. -13 -13
Min Ch EI (m) 109.61 Shear (N/m2) 21.27 107.48 1.42 Left Main Channel -11.69
Alpha 1.01 Stream Power (N/m s) 784.24 0 0 Right Main Channel 12.63
Frctn Loss (m) 0.09 Cum Volume (1000 m3) 9.8 53.93 4.21 Right Flood Sta. 12.55 12.69
C & E Loss (m) 0.01 _Cum SA (1000 m2) 23.39 23.07 6.42 Right WS Sta. 12.69
L' (left) 1.31 L (left) 6.64
FLOW DISTRIBUTION IN CROSS SECTION OUTPUT L' (Right) 0.06 L (Right) 0.06
W1 Q1, Qe Area Y1 V1
LEFT 0.41 1.89
Main 24.32 176.58 58.73 2.41 3.01
Right
Plan: PR_DOT Mad River Reach 1 RS: 1727.5 BRU Profile: 100 Year
Pos Left Sta Right Sta Flow Area W.P. Percent  Hydr Velocity ~ Shear Power
(m) (m) (m3/s) (m2) (m) Conv Depth(m) (m/s) (N/m2) (N/m's)
1LOB -18.51 -17.13 0 0.12 1.21 0 0.1 0 4.7 0
2 L0B -17.13 -15.75 0 0.27 1.38 0 0.19 0 9.1 0
3 LOB -15.75 -14.38 0 0.39 1.38 0 0.28 0 13.19 0
4 LOB -14.38 -13 0 0.51 1.38 0 0.37 0 17.28 0
5 LOB -13 -11.69 0.41 0.6 1.31 0.23 0.46 0.68 21.27 14.48
6 Chan -11.69 -9.27 4.19 2.67 2.71 2.37 1.1 1.57 46.13 723
7 Chan -9.27 -6.84 14.39 5.6 2.71 8.13 2.31 2.57 96.75  248.45
8 Chan -6.84 -4.42 24.46 7.41 2.46 13.82 3.06 33 140.96  465.19
9 Chan -4.42 -1.99 24.83 7.44 2.42 14.03 3.07 3.34 14347  479.04
10 Chan -1.99 0.43 24.83 7.44 2.42 14.03 3.07 3.34 14347  479.04
11 Chan 0.43 2.85 24.83 7.44 2.42 14.03 3.07 3.34 14347  479.04
12 Chan 2.85 5.28 24.83 7.44 2.42 14.03 3.07 3.34 14347  479.04
13 Chan 5.28 7.7 22.16 71 2.56 12.52 2.93 3.12 129.65  404.66
14 Chan 7.7 10.13 10.22 4.56 2.71 5.77 1.88 224 78.78 176.39
15 Chan 10.13 12.55 1.84 1.63 2.71 1.04 0.67 1.13 28.15 31.74
16 ROB 12.55 12.93 0 0 0.15 0 0.03 0.17 1.42 0.24
BRIDGE OUTPUT River Station Low Chord Elev.|_114.01
Mean Channelbed Elev. 109.61
Plan: PR_DOT Mad River Reach 1 RS: 1727.5 Profile: 100 Year
E.G. US. (m) 113.2 Element Inside BR US Inside BR DS
W.S. US. (m) 112.72 E.G. Elev (m) 113.14 113.03
Q Total (m3/s) 176.98 W.S. Elev (m) 112.68 112.6
Q Bridge (m3/s) 176.98 Crit W.S. (m) 111.95 111.85
Q Weir (m3/s) Max Chl Dpth (m) 3.07 3.02
Weir Sta Lft (m) Vel Total (m/s) 2.98 2.91
Weir Sta Rgt (m) Flow Area (m2) 59.33 60.8
Weir Submerg Froude # Chl 0.62 0.61
Weir Max Depth (m) Specif Force (m3) 135.04 134.78
Min El Weir Flow (m) 123.65 Hydr Depth (m) 2.31 2.26
Min El Prs (m) 120.54 W.P. Total (m) 27.02 28.28
Delta EG (m) 0.57 Conv. Total (m3/s) 2562.7 2597.4
Delta WS (m) 0.99 Top Width (m) 31.01 26.96
BR Open Area (m2) 269.06 Frctn Loss (m) 0.09 0.26
BR Open Vel (m/s) 2.98 C &E Loss (m) 0.01 0.14
Coef of Q Shear Total (N/m2) 102.7 97.89
Br Sel Method Energy only Power Total (N/m s) -1215.63 -1513.9
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PROJECT NO. | 151-273 BRIDGE NO. 06284 UNIT:[ Metric |
Ref. HEC-18., May 2001 (4th ed.)
SUMMARY
Contraction Scour Type: LIVE-BED Depth: 0.00 m Event: 500-YR
Local West Abut. #1 LEFT Eq.: Froehlich Depth: 0.51 m Event: 500-YR
Abutment East Abut. #2 RIGHT Eq.: N/A Depth: N/A m Event: 500-YR
CONTRACTION SCOUR
ve=Kuy"p™ Eq. 5.1
= 0.52 m/s Critacal velocity above which bed material of size D and smaller will be transported
Ku = 6.19 m (6.19 in Sl units; 11.17 in English units)
y= 2.89 m Average depth of flow upstream of the bridge
D= 0.00034 m Particle size forVe , m (use Dsgp)
V1= 3.50 m/s The mean velocity of the flow in the main channel or overbank area upstream of the brige opening

Ve < V1 Thus, LIVE-BED CONTRACTION SCOUR

Live-Bed Contraction Scour

Y2/Y1 = (Q2/Q1) ¥ (W1/W2)“' = .07 Eq. 5.2
Ys=Y2-Yo m Eq. 5.3
= -0.06 m Average contraction scour depth
Y1= 2.89 m Average depth in the upstream main channel
Y2 = 3.08 m Average depth in the contracted section
Yo = 3.14 m Existing depth in the contracted section before scour
Q1= 269.00 m3/s Flow in the upstream channel transporting sediment
Q2= 266.57 m3/s Flow in the contracted channel
W1 = 26.86 m Bottom width of the upstream main channel that is transporting bed material
W2 = 24.24 m Bottom width of the main channel in the contracted section less pier width
k1= 0.69 Exponent determined below ( Viw= 9.67 )
V* = 0.4836 =(Tolp)"? or (gY1S1)" | shear velocity in the upstream section , m/s
W= 0.05 m/s Fall velocity of bed material based on the D, (Figure 5.8)
g= 9.81 m/s”2 Acceleration of gravity
S1=0.00825 m/m Slope of energy gradeline of main channel
To= 133.94 Pa (N/m”*2) Shear stess on the bed
p= 1000 kg/m*3 Density of water
10 I
. Mode of Bed
1 V¥w k1 Material
| O | VOO WO O 59 53| SN Transport
0.001 Maostly contact
‘ ' <0.50 0.59 bed material
E £ discharge
E_ - Some
P SR PSS, S NG 981 | . (a) 0.50 to 0.64 Suspe_nded bed
20 material
01 0.0001 discharge
Mostly
.9 0 069 suspended bed
’ o material
.................. discharge
0.01 — 0.00001
0.001 0.01 01
®, m/s
Figure 5.8. Fall velocity of sand-sized particles with specific gravity of 2.65 in metric units.
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Clear-Water Contraction Scour

y2= [ K@ 7 Eq. 5.4
Dm“" W
ys= y2-yo m Eq. 5.5
= N/Am Average contraction scour depth  LIVE-BED controls. Ignore this procedure

y2 = 14.88 m Average equilibrium depth in the contracted section after contraction scour

Yo = 3.14 m Average existing depth in the contracted section

Q= 269.01 m3/s Discharge through the bridge or on the set-back overbank area at the bridge associated with the width W

W= 2424m Bottom width of the contracted section less pier widths

K,= 0.0250 (0.025 in Sl units; 0.0077 in English units)
Dm= 0.0004 m Diameter of the smallest nontransportable particle in the bed material (1.25 Ds0) in th contacted setion
D50 = 0.0003 m Median diameter of bed material

Because D50 is not the largest particle in the bed material, the scoured section can

be slightly armored. Therefore, the Dm is assumed to be 1.25 Ds50. For stratified bed
material the depth of scour can be determined by using the clear-water scour equation
sequentially with successive Dm of the bed material layers.
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Cross Sections used for Constraction Scour Computations

UPSTREAM SECTION 1748
Mad River, 151-273, Metric Plan: PROPOSED (New Survey), ConnDOT Q
RS =1748 Between Proposed Bridges 06284 & 05774
Sl Pk Sl Sl
124 .0 »PO .08 ¢ .04 ¢ .08 A .
2 egend
WS 500 Year
0m/s
1227 1 m/s
2m/s
e
3 m/s
1201 _——
—
5m/s
Ground
1184 W1 Ineff
> o
v Bank Sta
g
S
= 116+
$
w
114+
1124
110+
108
-30 20 -10 0 10 20
Station (m)
CONTRACTED SECTION 1727.5 BRU
Mad River, 151-273, Metric Plan: PROPOSED (New Survey), ConnDOT Q
RS =1727.5 BR Proposed I-84 E24 Off-Ramp Bridge N0.06284
% .06 % .04 ‘
1267 g Legend
WS 500 Year|
—————
0 m/s
1244 //—// —
1mis
2 m/s
—
122 3 m/s
—
4 m/s
Ground
Y
120+ // Ineff
°
Bank Sta
| W2
g 1187 <
c
S
g
K3
116
114+ \
1124
110+
108 T T T T 1
-30 -20 -10 0 10 20
Station (m)
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UPSTREAM CHANNEL SECTION
CROSS SECTION OUTPUT
Plan: PR_DOT Mad River

Event:

River Station 1748

Reach 1 RS: 1748 Profile: 500 Year

E.G. Elev (m) 114.07 Element Left OB Channel Right OB Total

Vel Head (m) 0.63 Wt. n-Val. 0.05 0.08

W.S. Elev (m) 113.45 Reach Len. (m) 9.4 9.4 9.4

Crit W.S. (m) 112.68 Flow Area (m2) 76.63 0.03

E.G. Slope (m/m) 0.00825 Area (m2) 0.15 76.74 0.03 76.92

Q Total (m3/s) 269.01 Flow (m3/s) 269 0.01

Top Width (m) 28.19 Top Width (m) 0.98 26.86 0.35

Vel Total (m/s) 3.51 Avg. Vel. (m/s) 3.51 0.21

Max Chl Dpth (m) 3.81 Hydr. Depth (m) 2.89 0.09 2.73 Flow dis. manual

Conv. Total (m3/s) 2961.8 Conv. (m3/s) 2961.7 0.1 Left WS Sta. -15.29 -14.28

Length Wtd. (m) 9.4 Wetted Per. (m) 28.21 0.39 Left Convy Sta. -14.28

Min Ch EI (m) 109.64 Shear (N/m2) 219.74 6.37 Left Main Channel -14.28

Alpha 1 Stream Power (N/m s) 795.26 0 0 Right Main Channel 13.91

Frctn Loss (m) 0.06 Cum Volume (1000 m3) 34.17 69.76 12.22 Right Convy Sta. 13.91

C & E Loss (m) 0 Cum SA (1000 m2) 48.36 23.81 14.43 Right WS Sta. 13.91
L' (left) 0 L (left) 0

HEC-RAS FLOW DISTRIBUTION IN CROSS SECTION OUTPUT L' (Right) 0 L (Right) 0

W1 Y1 \l

Plan: PR_DOT Mad River
Pos

1LOB
2 Chan
3 Chan
4 Chan
5 Chan
6 Chan
7 Chan
8 Chan

Bridge No. 06284

1 RS: 1748

X
(m)

28.19

Profile: 500 Year
Right Sta
(m)

269.02

76.93

ercent  Hydr
Conv Depth(m)
0 0.15
0 0.38
1.17 1.12
6.75 244
13.44 3.62
15.21 3.81
15.21 3.81
15.21 3.81

Velocity
(m/s)
0
0
1.06
2.8
3.76

Shear
(N/m2)
11.82
27.58
80.75
176.93
275.57
307.92
307.92
307.92
307.92
255.94
156.68
60.75
7.22
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CONTRACTED CHANNEL SECTION River Station | 1727.5 BR U
CROSS SECTION OUTPUT
Plan: PR_DOT Mad River Reach 1 RS:1727.5 BRU Profile: 500 Year

E.G. Elev (m) 114.01 Element Left OB Channel Right OB Total
Vel Head (m) 0.62 Wt. n-Val. 0.06 0.04 0.04
W.S. Elev (m) 113.39 Reach Len. (m) 19.7 19.7 19.7
Crit W.S. (m) 112.59 Flow Area (m2) 1.53 76.07 0.62
E.G. Slope (m/m) 0.004588 Area (m2) 7.39 76.07 0.62 84.08
Q Total (m3/s) 269.01 Flow (m3/s) 1.92 266.57 0.52
Top Width (m) 34.34 Top Width (m) 8.53 24.24 1.57
Vel Total (m/s) 3.44 Avg. Vel. (m/s) 1.25 3.5 0.84
Max Chl Dpth (m) 3.78 Hydr. Depth (m) 117 3.14 0.39 245 Flow dis. manual
Conv. Total (m3/s) 3971.6 Conv. (m3/s) 28.4 3935.5 7.6 Left WS Sta. -21.26 -20.22
Length Wtd. (m) 19.7 Wetted Per. (m) 1.31 25.55 1.76 Left Flood Sta. -13
Min Ch EI (m) 109.61 Shear (N/m2) 52.59 133.94 15.77 Left Main Channel -11.69
Alpha 1.03 Stream Power (N/m s) 784.24 0 0 Right Main Channel 14.11
Frctn Loss (m) 0.09 Cum Volume (1000 m3) 34.13 69.04 12.22 Right Flood Sta. 14.08 14.12
C & E Loss (m) 0.02 Cum SA (1000 m2) 48.32 23.57 14.42 Right WS Sta. 14.12
L' (left) 1.31 L (left) 8.53
FLOW DISTRIBUTION IN CROSS SECTION OUTPUT L' (Right) 0.01 L (Right) 0.01
W1 Q1, Qe Area Y1 \l
LEFT 1.92 7.37
Main 25.8 267.09 76.69 2.97

Right
i Reach 1 RS:1727.5 BRU Profile: 500 Year
Left Sta Right Sta Flow Area W.P. Percent

Plan: PR_DOT Ma

Velocity Shear

(m) (m3/s) (m2) (m) (m) (m/s) (N/m2)
1LOB -21.26 -19.88 0.0 0 0.08 0 3.1
2 L0B -19.88 -18.51 0 0.44 0 18.39
3LOB 0 0.8 0 35.49
4 LOB 1.38 0 0.91 0 40.88
5L0B -157 1.37 1.38 0 1 0 44.82
6 LOB 1.49 1.38 0 1.09 0 48.75
7 LOB -13 . 1.53 1.31 0.71 1.17 1.25 52.59
8 Chan -11.69 9.76 4.41 2.71 3.63 1.82 2.21 73.18
9 Chan -9.27 7.34 2.71 8.49 3.03 3.11 121.88
10 Chan 9.15 2.46 13.07 3.77 384 167.33
11 Chan 242 13.25 3.78 3.89  170.21
12 Chan 242 13.25 3.78 3.89  170.21
13 Chan 13.25 3.78 3.89  170.21
14 Chan 13.25 3.78 3.89  170.21
15 Chan 12 3.64 3.66 155.2
16 Chan 2.6 2.81 104.59

55.88
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LIVE SCOUR AT ABUTMENTS

Froehlich's Live-Bed Abutment Scour Equation LEFT RIGHT
Ys/Ya = 2.27 K1 K2 (L'/Ya) " Fr*®' + 1= 1.54 NA Eq. 7.1
Amended Local Scour Equation
Ys/Ya = 2.27 K1 K2 (L'/Ya) ®*** Fr®%' + 0.05 = 0.59 NA CT DOT DM Pg 9B-2
LEFT RIGHT

Ys = 0.51 N/A m Scour depth <== using Amended equation

K1 = 0.82 0.55 Coeffcient for abutment shape (see Table 7.1 and Figrue 7.6)

K2 = 1.05 0.91 (6/90) %", Coefficient for angle of embankment to flow

6 = 135 45

0 < 90 degrees if embankment points downstream
0 > 90 degrees if embankment points upstream
(see Figure 7.5 for definition of 8)
L'= 1.31 0.00 m Length of active flow obstructed by the embankment
(see Figure 7.4)

Ae = 7.37 0.00 m”2 Flow area of the approach cross section obstructed by the embankment
Fr= 0.09 N/A Vel/(gYa)*0.5, Froude Number of approach flow upstream of the abutment
Ve = 0.26 N/A m/s Qe/Ae
Qe = 1.92 0 m”3/s Flow obstructed by the abutment and approach embankment
Ya= 0.86 N/A m Ae/L, Average depth of flow on the floodplain

L= 8.53 Om Length of embankment projected normal to the flow

Table 7.1. Abutment Shape Ceefiicienis.

Description K,
Vertical-wall abutment 1.00
Vertical-wall abutment with wing walls 0.82
Spill-through abutment 0.55

- A
),

(&) Spill Through

Plan

Saction A - A'

-

{b) Wertical Wall

Section A - A'

(c) Vertical Wall with
Flared Wingwalls

Figure 7.6, Abutment shape.

4

| L

7

| Right Embankment |

&

77

|Ve| ocity

Ejual Cdnveyance Tubes

e

Figure 7.4. Determination of length of embankment blocking live flow for abutment
scour estimation.

Bridge No. 06284

Figure 7.5. Orientation of embankment angle, &, to the flow.
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HIRE Live-Bed Abutment Scour Equation

LEFT RIGHT

Applicability check: Ly, = 3 N/A Use HIRE Eq. only if L/Y ; > 25
YJY,=4 Fr"*® K055 K,= N/A NA Eq. 7.1
LEFT  RIGHT
Ys = N/A N/A m Scour depth (N/A if L/Y, < 25)
K1 = 0.82 0.55 Coeffcient for abutment shape (see Table 7.1 on RIGHT)
Kz = 1.05 0.91 (6/90) %", Coefficient for angle of embankment to flow
Yi= 28  NAm Depth of flow at the abutment on the overbank or in the main channel,
Fr= 0.09 N/A Vel(gYa)*0.5, Froude Number of approach flow upstream of the abutment
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Cross Sections Used for Local Abutment Scour Computations

APPROACH SECTION 1748
Mad River, 151-273, Metric Plan: PROPOSED (New Survey), ConnDOT Q
RS =1748 Between Proposed Bridges 06284 & 05774
: 0 o, f—oo——k o4 — 08—
1247 g g Legend
WS 500 Year
1227 0m/s
1m/s
1204 2m/s
* I
—p — 3m/s
118+ 4 m/s
’E‘ I
=g 5m/s
'§ 1164 ) Ground
o Ineff
1147 /4 Banz Sta
112
110
108 T T T T T T T 1
-40 -30 -20 -10 0 10 20 30 40
Station (m)
BRIDGE-SECTION 1727.5BR U
Mad River, 1514273, Metric Plan: PROPOSED (New Survey), ConnDOT Q
R$ =1727.5 BR Proposed |-84 E24 Off-Ramp Bridge No0.06284
L’( .06 % .04 I
1261 g Legend
The active flow is 1 WS 500 Yoar
1244 . p——— | —————
mainly * As the RT 0mis
1224 |obstructed by abutment is 1m/s
the LT abutment located outside of —
q . / 3mls
297 not at its entry the 500-year flood | || memmmm—
m/s
£ 118l point, but rather Ié flow as shown, the pevn
= .
£ as it passes < length obstructed Ineff
w '1%7 through the by the abutment is Bank Sta
114 bridge - by the zero. Thus, the
downstream local abutment
1127 |portion of the scour is not likely
1107
108 T T T T T T T 1
-40 -30 -20 -10 0 10 20 30 40
Station (m)
BRIDGE SECTION 1727.5 BRD
Mad River, 151-273, Metric Plan: PROPOSED (New Survey), ConnDOT Q
RS =1727.5 BR Proposed |-84 E24 Off-Ramp Bridge No.06284
% 06 % .04 ""% .06 ’{
1261 g Legend
WS 500 Year|
124+
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I
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UPSTREAM APPROACH CHANNEL SECTION

CROSS SECTION OUTPUT
Plan: PR_DOT Mad River

River Station 1748

Use the same data as in the contraction scour computation? |Yes
Reach 1 RS: 1748 Profile: 500 Year

Event:

500-YR

E.G. Elev (m) 114.07 Element Left OB Channel Right OB Total
Vel Head (m) 0.63 Wt. n-Val. 0.05 0.08
W.S. Elev (m) 113.45 Reach Len. (m) 9.4 9.4 9.4
Crit W.S. (m) 112.68 Flow Area (m2) 76.63 0.03
E.G. Slope (m/m) 0.00825 Area (m2) 0.15 76.74 0.03 76.92
Q Total (m3/s) 269.01 Flow (m3/s) 269 0.01
Top Width (m) 28.19 Top Width (m) 0.98 26.86 0.35
Vel Total (m/s) 3.51 Avg. Vel. (m/s) 3.51 0.21
Max Chl Dpth (m) 3.81 Hydr. Depth (m) 2.89 0.09 2.73
Conv. Total (m3/s) 2961.8 Conv. (m3/s) 2961.7 0.1 Left WS Sta.
Length Wtd. (m) 9.4 Wetted Per. (m) 28.21 0.39 Left Flood Sta.
Min Ch EI (m) 109.64 Shear (N/m2) 219.74 6.37 Left Main Channel
Alpha 1 Stream Power (N/m s) 795.26 0 0 Right Main Channel
Frctn Loss (m) 0.06 Cum Volume (1000 m3) 34.17 69.76 12.22 Right Flood Sta.
C & E Loss (m) 0 Cum SA (1000 m2) 48.36 23.81 14.43 Right WS Sta.
L' (left) 3.94
FLOW DISTRIBUTION IN CROSS SECTION OUTPUT L' (Right) 0
W1 Q1, Qe Area Y1
LEFT 3.15 3.23
Main 24.25 265.87 73.7 3.04
Right
Plan: PR_DOT Mad River Reach 1 RS: 1748 Profile: 500 Year
Pos Left Sta Right Sta Flow Area W.P. Percent  Hydr
(m) (m) (m3/s) (m2) (m) Conv Depth(m)
1LOB -15.29 -13.3 0.15 1.03 0 0.15
2 Chan -13.3 -13 0 0.11 0.33 0 0.38
3 Chan -13 -10.34 3.15 2.97 2.97 117 1.12
4 Chan -10.34 -7.69 18.16 6.49 2.97 6.75 2.44
5 Chan -7.69 -5.03 36.15 9.62 2.82 13.44 3.62
6 Chan -5.03 -2.38 40.92 10.11 2.66 15.21 3.81
7 Chan -2.38 0.28 40.92 10.11 2.66 15.21 3.81
8 Chan 0.28 2.94 40.92 10.11 2.66 15.21 3.81
9 Chan 2.94 5.59 40.92 10.11 2.66 15.21 3.81
10 Chan 5.59 8.25 32.7 9.14 2.89 12.16 3.44
11 Chan 8.25 10.9 13.64 5.75 2.97 5.07 2.16
12 Chan 10.9 13.56 1.53 2.23 2.97 0.57 0.84
13 ROB 13.56 13.86 0.01 0.03 0.34 0 0.1
14 ROB 13.86 1417 0 0 0.05 0 0.01
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
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Flow dis.
(data)
-13
-10.34
13.91
13.56
14.17
L (left)
L (Right)
V1

3.61

Velocity
(m/s)
0
0
1.06
2.8
3.76
4.05
4.05
4.05
4.05
3.58
2.37
0.69
0.21
0.05

manual
-14.28
-14.28

13.91
13.91
3.94

Shear

(N/m2)
11.82
27.58
80.75
176.93
275.57
307.92
307.92
307.92
307.92
255.94
156.68
60.75
7.22
0.85
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BRIDGE SECTION
CROSS SECTION OUTPUT
Plan: PR_DOT Mad River

River Station | 1727.5 BR U

Use the same data as in the contraction scour computation?
Reach 1 RS:1727.5 BRU Profile: 500 Year

E.G. Elev (m) 114.01 Element Left OB Channel Right OB Total
Vel Head (m) 0.62 Wt. n-Val. 0.06 0.04 0.04
W.S. Elev (m) 113.39 Reach Len. (m) 19.7 19.7 19.7
Crit W.S. (m) 112.59 Flow Area (m2) 1.53 76.07 0.62
E.G. Slope (m/m) 0.004588 Area (m2) 7.39 76.07 0.62 84.08
Q Total (m3/s) 269.01 Flow (m3/s) 1.92 266.57 0.52
Top Width (m) 34.34 Top Width (m) 8.53 24.24 1.57
Vel Total (m/s) 3.44 Avg. Vel. (m/s) 1.25 BI5) 0.84
Max Chl Dpth (m) 3.78 Hydr. Depth (m) 1.17 3.14 0.39 2.45 Flow dis. manual
Conv. Total (m3/s) 3971.6 Conv. (m3/s) 28.4 3935.5 7.6 Left WS Sta. -21.26 -20.22
Length Wtd. (m) 19.7 Wetted Per. (m) 1.31 25.55 1.76 Left Flood Sta. (data) -13
Min Ch EI (m) 109.61 Shear (N/m2) 52.59 133.94 15.77 Left Main Channel -11.69 (data)
Alpha 1.03 Stream Power (N/m s) 784.24 0 0 Right Main Channel 14.12 (data)
Frctn Loss (m) 0.09 Cum Volume (1000 m3) 34.13 69.04 12.22 Right Flood Sta. (data) 14.12
C & E Loss (m) 0.02_Cum SA (1000 m2) 48.32 23.57 14.42 Right WS Sta. 14.47 14.12
L' (left) 1.31 L (left) 8.53
FLOW DISTRIBUTION IN CROSS SECTION OUTPUT L' (Right) 0 L (Right) 0
W1 Q1, Qe Y1 V1
LEFT 1.92 7.37
Main 25.81 267.09 76.69 297 3.48
Right
Plan: PR_DOT Mad River Reach 1 RS: 1727.5 BRU Profile: 500 Year
Pos Left Sta Right Sta Flow W.P. Percent  Hydr Velocity ~ Shear Power
(m) (m) (m3/s) (m) Conv Depth(m) (m/s) (N/m2) (N/m's)
1LOB -21.26 -19.88 0 0.03 0.37 0 0.08 0 3.1 0
2 L0B -19.88 -18.51 0 0.6 1.47 0 0.44 0 18.39 0
3 LOB -18.51 -17.13 0 1.1 1.4 0 0.8 0 35.49 0
4 LOB -17.13 -15.75 0 1.25 1.38 0 0.91 0 40.88 0
5 LOB -15.75 -14.38 0 1.37 1.38 0 1 0 44.82 0
6 LOB -14.38 -13 0 1.49 1.38 0 1.09 0 48.75 0
7 LOB -13 -11.69 1.92 1.53 1.31 0.71 1.17 1.25 52.59 65.88
8 Chan -11.69 -9.27 9.76 4.41 2.71 3.63 1.82 221 73.18 162.07
9 Chan -9.27 -6.84 22.84 7.34 2.71 8.49 3.03 3.1 121.88  379.25
10 Chan -6.84 -4.42 35.16 9.15 2.46 13.07 3.77 3.84 167.33  643.18
11 Chan -4.42 -1.99 35.65 9.17 2.42 13.25 3.78 3.89 170.21 661.69
12 Chan -1.99 0.43 35.65 9.17 2.42 13.25 3.78 3.89 170.21 661.69
13 Chan 0.43 2.85 35.65 9.17 2.42 13.25 3.78 3.89 170.21 661.69
14 Chan 2.85 5.28 35.65 9.17 2.42 13.25 3.78 3.89 170.21 661.69
15 Chan 528 7.7 32.29 8.83 2.56 12 3.64 3.66 155.2  567.34
16 Chan 7.7 10.13 17.7 6.3 2.71 6.58 26 2.81 104.59  293.88
17 Chan 10.13 12.55 6.23 3.37 2.71 2.31 1.39 1.85 55.88 103.39
18 ROB 12.55 12.93 0.27 0.26 0.43 0.1 0.69 1.04 27.69 28.78
19 ROB 12.93 13.32 0.16 0.19 0.43 0.06 0.5 0.84 20 16.73
20 ROB 13.32 13.7 0.07 0.12 0.43 0.03 0.31 0.61 12.31 7.45
21 ROB 13.7 14.08 0.01 0.04 0.43 0.01 0.11 0.32 4.62 1.46
22 ROB 14.08 14.47 0 0 0.04 0 0.01 0.06 0.39 0.02
BRIDGE OUTPUT River Station Low Chord Elev.|_114.01
Mean Channelbed Elev. 109.61
Plan: PR_DOT Mad River Reach 1 RS: 1727.5 Profile: 500 Year
E.G. US. (m) 114.07 Element Inside BR US Inside BR DS
W.S. US. (m) 113.45 E.G. Elev (m) 114.01 113.91
Q Total (m3/s) 269.01 W.S. Elev (m) 113.39 113.33
Q Bridge (m3/s) 269.01 Crit W.S. (m) 112.59 112.48
Q Weir (m3/s) Max Chl Dpth (m) 3.78 3.75
Weir Sta Lft (m) Vel Total (m/s) 3.44 3.32
Weir Sta Rgt (m) Flow Area (m2) 78.22 80.98
Weir Submerg Froude # Chl 0.63 0.61
Weir Max Depth (m) Specif Force (m3) 225.53 225.89
Min El Weir Flow (m) 123.65 Hydr Depth (m) 2.88 2.85
Min El Prs (m) 120.54 W.P. Total (m) 28.62 29.91
Delta EG (m) 0.58 Conv. Total (m3/s) 3971.6 4086.9
Delta WS (m) 1.11 Top Width (m) 34.34 28.42
BR Open Area (m2) 269.06 Frctn Loss (m) 0.09 0.24
BR Open Vel (m/s) 344 C&E Loss(m) 0.02 0.17
Coef of Q Shear Total (N/m2) 122.96 115.04
Br Sel Method Energy only Power Total (N/m s) -1215.63 -1513.9
Bridge No. 06284 Appendix B





Appendix C:

Geomorphic Characterization
and
Grain Size Distribution





Mad River, Waterbury, CT
Proposed Bridge No. 06284

STREAM SIZE Smail 8 Medivm Wide
( SECT. 2.2.1) ( <100 ft. or 20 m wide ) ( 100-500 (t. or 30-150 m ) ( >300 {t.or 150m )
FLOW HABIT .
{ SECT. 2.2.2) Ephemeral (Intermiticnt) Perennial but (lashy w
(Bssgc.MrAng!g% Siltclay Sil Gravel Z Cobble or bouider

VALLEY
SETTING

{ SECT. 2.2.4)

ey
No valley; ailuvial fan Low relief valley Moderate relief High refie(
{ <100 {t- or 30 m deep) W 100-1000 {t. or 30-300 m )} ( > 1000 {£. or 300 m )

FLOOD PLAINS
( SECT. 2.2.5)

%\@

- Little or none
{ <2X channe{ width)

NATURAL LEVEES
({ SECT. 2.2.8)

Mainly on Concave Well Developed on Both Banks

APPARENT
INCISION

( SECT. 2.2.7)

CHANNEL
BOUNDARIES

( SECT.. 2.2.8)

PRy

AL
Semi-alluvial

TREE COVER
ON BANKS
( SECT. 2.2.8)

SINUOSITY
( SECT. 2.2.9)

Straight

: Meanderin, = i
Siavosity 1-1.05) ’ (1252 0)‘ Htwlyt(n:-;)denug
BRAIDED —
M -—-."
STREAMS == \"{,E;o/:’-/
( SECT. 2.2.1Q) Locally biaided Genenaily braided
(3-35 percent) ( >35S percent)
ANABRANCHED _\/\,—\__Q, ~EEAN_A
STREAMS = i X Q@’%
( SECT. 2.2.11) Not anabranched Locaily anabranched Generally ansbranched
(<5 percent) percent) ( >35 percent)

VARIABILITY
OF WIDTH AND
DEVELOPMENT

OF BARS
( SECT. 2.2.12)

Random variation

N

Narrow point bars

Wide point bars

Isreguiar point and lateral
bars

Geomorphic factors that affect stream stability

Appendix.C





U.S. SIEVE OPENING IN MILLIMETERS [ U.S. SIEVE NUMBERS ] HYDROMETER
1*‘:01'?5250'538125"19“ 12.735- 3 N s 810 “w o k] i 50 - 1001 200
me-!—%iwl' IE TN ETTT T THT T T T MaaT T 7
: AR - gt i L ! ; :
95 ¢ o % . H #
N T R
%0 AL s T
TEER : :
. HIRNE L
“ \ l 3\, \ ; (05774 & 06284 . 1
75 TR \ * 06591 &1
. \ .,
55 3 \ :
£ SERNI 1
o & l‘., 2 \ P : !
* ! j : \
& > N 3 : \ :
£ i i 4] :
z \; M | : :
W ) . ' 2
£ A ; :
u ke A : ;
= N :
o 4 N A .
35 R N [N :
; : N \ -
% 3 : N I :
= :
o ;
“ ] : N [ ‘
15 ' : .
: N L
10 ; S
: N3
5 . * N .
: g . SY J e
100 10 1 0.1 : 8,01 0.001
GRAIN SiIZE IN MILUIMETERS
% GRAVEL % SAND % FINES
CLERLES COARSE! MEDIUM|  FINE COARSE FINE % SILT 1 wciay
® 14.9 324 | 143 14.8 18.9 4.7 24
X 0.0 2.4 1.8 1.1 232 88.5 2.2
A 2.0 © 208 | 245 233 17.0 72 05 &
Expl. No. _ Sampie No. Depth (m) LL PL_ Pt ™S ce [ cu ¥
® ™ 1 8.2 1.04 | S1.02
b ) §id 2 212 | 147 | 238
A P 3 5.6 146 | 2248
Sampie Description 1EBes
®. _Brown coarse to fine GRA littfe co little coarse sand trace fine sand
®| _Light brown coarse to fine SAND, trace coarse o fine qraved trace siit
Al Owbmmmﬁmm&!‘@gmm' trace fine sand
a3 Remarks: (| -84 Reconstruction
; Watertrury, Connecricut
State Fraject No:
GRAIN SiZE DISTRIBUTION
g i Date: 1241772600 File No.: 91313-100

Appendix C






CONNECTICUT DEPARTMENT OF TRANSPORTATION
Reconstruction of 1-84
Washington Avenue to Pierpont Road
Waterbury, CT
ConnDOT Project No. 151-273
Federal Aid Project No. NHI1-84-2 (172) 33

FINAL SCOUR REPORT
BRIDGE NO. 06591

EXIT 24 ON-RAMP TO WESTBOUND 1-84
OVER THE MAD RIVER

Waterbury, Connecticut
New Haven County

Prepared By:

Hydraulics & Drainage Section
2800 Berlin Turnpike
Newington, CT 06131-7546

July 2006
Revised May 2014





Reconstruction 1-84, Waterbury, CT
ConnDQT Project 151-273
Final Hydraulic Report, Bridge No. 06591
Mayl 2014

TABLE OF CONTENTS

Section Page
Executive Summary 1
Reference Reports 2
Project Overview 2
Report Background 6
Proposed Bridge 7-8
Scour Potential Assessment and Results 9-10
Structural Design Review and Conclusions 11

LIST OF FIGURES

Section Page
Figure 1. Project Location Plan 3
Figure 2. Structure Location Plan 4
Figure 3. Cross Section Location Plan 5
Figure 4. Soil Sample 9
Figure 5. Scour Depth Cross Sections 12

LIST OF TABLES

Section Page
Table 1. NBIS Ratings and Scour Related Design Information 1
Table 2. Hydrologic Information 2
Table 3. Summary of Computed Scour Depths 10

APPENDIX

Section Location
Structure Plans A
Scour Computation B
Geomorphic Characterization and Grain Size Distribution C






Reconstruction 1-84, Waterbury, CT
ConnDOT Project 151-273
Final Hydraulic Report, Bridge No. 06591
Mayl 2014

Executive Summary

This scour report has been prepared for the final design of proposed Bridge No. 06591, the
proposed new Exit 24 On-Ramp to Westbound 1-84 from Harpers Ferry Road at Exit 24. This
crossing is one of six (6) waterway crossings over the river to be constructed under the State
Project No. 151-273, improvements to Interstate 84 in Waterbury from Washington Avenue east
to Pierpont Road. The subject 4.3-kilometer (2.7 mile) long highway project has been designed
by Ammann & Whitney (formerly Berger, Lehman Associates, P.C. — BLA).

The new crossing is located within the limits of a proposed relocation of the Mad River.
Presently, a westbound on-ramp at Interchange 24 does not exist. The proposed structure will
carry a new on-ramp to 1-84. It will be located at the approximate location of the downstream
face of existing Structure No. 05774 (easterly 1-84 crossing over the Mad River). The proposed
bridge will be on a curved alignment with a substructure consisting of concrete abutments
founded on end bearing steel H-piles terminating in glaciofluvial deposits.

The bridge will be within the reach of the Mad River proposed to be channelized (12 m bottom
width with 2H to 1V side slopes). The bridge abutments have been located to minimize
obstruction of flood flows for discharges up to and including the 500-year event. Therefore, the
proposed structure does not cause any significant upstream backwater conditions for the 100-
year design flood. In addition, the superstructure is elevated well above the channel with a
minimum underclearance of 4.5 m (14.7 ft) at the downstream face during the 100-year design
event, and 3.5 m (11.5 ft) of underclearance for the 500-year event.

This report finds that the proposed bridge will experience the greatest potential scour during the
500-year event. The computations indicated the depth of scour at the bridge could be as much as
1.73 m (5.7 ft), which still does not expose the piles supporting the substructure. The analysis is
based on the existing streambed material that is found in the vicinity of the proposed bridge. The
proposed channel under the bridge will, however, have Standard Riprap on the banks providing
the added protection.

Table 1. NBIS Ratings and Scour Related Design Information

Recommended NBIS Item 113 Rating 8 (for 100-year design discharge)

Recommended NBIS Item 71 Rating 9

Recommended NBIS Item 61 Rating 8

Scour Risk Designation Low Risk

Depth of Potential Scour (500-year) i;i m Eﬁgﬂ:mzm Z; _\é\gif)t);

Foundation Type Abutment Footings on Piles

Recommendations Foundation Designed for Predicted Scour Depth
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Reference Reports

The following reports, prepared under separate covers for the project, should be referenced for
more detailed information pertinent to the hydrology and hydraulics for the subject reach of the
Mad River and the hydraulic design of Bridge No. 06591.

Overview Report for Hydraulic Design, CT DEP Flood Management Certification &
FEMA Conditional Letter Of Map Revision (CLOMR), Mad River & Beaver Pond Brook,
Waterbury, Connecticut prepared by ConnDOT, July 2006.

Hydrologic Report, Mad River prepared by BLA, September 1999

Hydraulic Analysis for Design Report, Mad River prepared by ConnDOT, revised April
2014.

Final River Relocation Report, Mad River & Beaver Pond Brook prepared by BLA,
January 2004 and revised by ConnDOT, April 2006.

Mad River Floodplain/Floodway Analysis Report for FEMA CLOMR & CTDEP Flood
Management Certification prepared by ConnDOT, revised April 2014,

Project Overview

The information presented in this report are derived from the hydraulic analyses performed using
the DOT "Design" discharges as presented in the Hydraulic Analysis for Design Report, Mad
River prepared by ConnDOT, revised April 2014. For complete hydrologic information refer to
Hydrologic Report, Mad River prepared by BLA (Ammann & Whitney), September 1999. The
summarized hydrologic information is shown in the table below.

Table 2. Hydrologic Information

Watershed Area: 62.26 km” (24.04 mi®)- Large Structure
Discharges: 100-Yr: 176.98 cms (6,250 cfs)
500-Yr: 269.01 cms (9,500 cfs)
Overtopping: >500 year

See the Overview Report referenced above for an overview of the project, the existing and the
proposed project conditions.
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Report Background

This scour report with the accompanying final hydraulic report have been prepared as part of the
final design for Bridge No. 06591, the Exit 24 On-Ramp to Westbound 1-84 over the Mad River.
Presently, there is no westbound on-ramp at Interchange 24. The new crossing is located within
the limits of a proposed relocation of the Mad River. .

Scour depths have been estimated following procedures set forth by the Federal Highway
Administration in Hydraulic Engineering Circular No. 18 (HEC-18), Estimating Scour at
Bridges, May 2001. As recommended on page 9.B-2 of the 2000 ConnDOT Drainage Manual,
the following Amended Local Abutment Scour Equation was utilized:

Yo/Ya=[2.27 K1 Ky (L7Y2)** Fro® + 0.05 (ConnDOT)

This equation predicts scour depths for the 50 percentile as compared to the more conservative
HEC-18 version of Froehlich's equation (equation 7.1, page 7.8), which would have
encompassed 98% of the laboratory produced scour holes from the original study. The HEC-18
version of Froehlich’s equation is as follows:

Yo/Ya=1[2.27 Ky Ko (L'7Y5)"* Fro® + 1 (HEC-18)

A comparison of the two local abutment equations shows that ConnDOT’s version will predict
scour depths 0.95Y, less than proposed by HEC-18. Y, is the average depth of floodplain flow
at the upstream approach cross section.

The discharges used in this investigation have been approved by ConnDOT and are presented in
the September 1999 Hydrologic Report, Mad River, Waterbury, Connecticut prepared by BLA
(Ammann & Whitney). The discharges reported in the original 1979 and currently effective
2013 Waterbury Flood Insurance Study are 25-30% lower than those approved by ConnDOT.

The hydraulic analysis completed for this investigation utilized HEC-RAS version 4.1.0
assuming mixed flow conditions. A CD containing the HEC-RAS data files is included in the
referenced Hydraulic Analysis for Design Report, Mad River.
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Proposed Bridge

Proposed Bridge No. 06591 will be a single span bridge on a curved alignment with a clear span
of approximately 48 meters (157 feet) measured along the roadway baseline between the
abutment faces. It will carry the Exit 24 On-Ramp to -84 Westbound over the Mad River. This
will be a new on-ramp from Harpers Ferry Road, as it is not included in the existing interchange.

The location of the proposed bridge is approximately at the downstream face of existing
Structure No. 05774, which is the existing easterly 1-84 crossing over the Mad River. Due to the
proposed 60-meter (200-ft) southerly shift of the Interstate to improve horizontal alignment in
this area, the easterly 1-84 crossing will be relocated approximately 150 meters (490 ft)
downstream (along relocated river) from its present location. In the hydraulic analysis, the
Bridge No. 06591 is located at River Station 1938.5 in the Proposed Condition model only.

The width of the structure, perpendicular to the roadway baseline, will be 8.9 meters (29.2 ft).
The roadway will be at a 45° skew to the river baseline. To account for this skew and the curved
alignment, the proposed conditions analysis assumed the hydraulic clear span of the structure to
be 28.65 meters (94 ft - downstream end; wider at the upstream end). The bridge abutments
were located so that they will not obstruct flow during the 100-year design discharge. Therefore,
the proposed crossing does not cause any significant upstream backwater condition for the 100-
year flood. In addition, the superstructure is elevated well above the channel with a minimum
underclearance of approximately 4.5 meters (at the downstream-westerly end of the bridge)
during the 100-year design event.

Although the flood flows up to the 100-year discharge will not be obstructed by the bridge
abutments, significant contraction of flow will occur approximately 30 meters upstream of the
proposed crossing. The degree of contraction will certainly be less than the existing condition
with the removal of the 1-84 Structure No. 05774 from its current location; nonetheless, because
of the remnants of the existing 1-84 embankment, the flood flow will continually be forced to
reduce its width drastically - from 133 meters (436 ft) near the confluence with the Beaver Pond
Brook (RS 2020) to 32 meters (105 ft) where the former City Mill Pond narrows to the
channelized river section.  According to the hydraulic analysis, the 100-year flow velocity
increases from 1.2 m/s (3.9 ft/s) at RS 2020 to 2.1 m/s (6/9 ft/s) at the beginning of the
channelized section (RS 1962), then to 2.9 m/s (9.5 ft/s) through the bridge opening. The 500-
year flow velocity through the bridge will be 3.1 m/s (10.1 ft/s).

In order to provide stable banks, the channel will be reconstructed with Standard Riprap
revetment having 2H to 1V side slope, and the bottom width of 12 meters (40 feet). This defined
channel extends 30 meters (100 ft) upstream of the new bridge, to the existing contraction point
described earlier. This distance was intentionally incorporated into the design, as it was
estimated being the minimum length according to the design criteria for guide banks as presented
in Bridge Scour and Stream Instability Countermeasures, HEC-23, March 2001. Similar to
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bridges protected by guide banks, the channel extension will move the scour that normally
occurs at the bridge to a new location upstream of the crossing. This location will be sufficiently
upstream so as not to affect the bridge foundation. At the entrance to this channel extension,
significant scour could develop due to the narrowing of the floodplain width as described above.
To reduce potential scour depths and headcutting in this location, an extended length grade
control structure consisting of rounded stone riprap will be installed along the channel invert
between stations MR 1+940 and 1+970.

The new channel construction will extend 270 meters (885 ft) downstream from the proposed
bridge, which is encompassed within a 520-meter (1,706-ft) reach of the Mad River proposed
being relocated and reconstructed under this project. This extended downstream channel
construction has been incorporated to address instability of the existing channel. The proposed
bridge site falls within the reach of the Mad River affected by the 1998 partial breach of Century
Dam, which is located approximately 390 meters (1,280 ft) downstream of the existing Structure
No. 05774. Prior to the breach, City Mills Pond extended upstream through the existing 1-84
crossing (Structure No. 05774), terminating approximately at the downstream side of the next
upstream roadway crossing (Plank Road Structure No. 05668). After draining the pond, the
channel immediately upstream of the breached dam was apparently provided with riprapped
channel banks for a length of approximately 130 meters (425 ft). Upstream of this segment to
roughly the midpoint between the existing Structures No. 06284 (Eastbound Exit 25 Off-Ramp
crossing) and No. 05774, the existing channel shows signs of erosion along the riverbanks
displaying lateral instability of the river caused by the breach. The riverbanks are actively
eroding, forming several shallow meanders. The erosion is beginning to encroach into a reported
bulky landfill site which was apparently active during the dam breach project. The source of the
landfill material is purportedly from the development of the Brass Mill Mall site in Waterbury.
Anyway, the new channel limit will connect to the previously placed riprap protection; and as a
complete, continuous stable channel, it should eliminate the existing erosion problem and the
lateral instability of the river.

The overall vertical profile of the relocated channel will be maintained by a series of strategically
placed riprap grade control structures. The general concept of the grade control structures is
from the 1986 Swiss publication Blockschwellen (Block Ramps) by Whitttaker and Jaggi. These
structures will serve as hard-points along the channel bottom to limit channel headcutting.
Between the grade control structures, 600mm (24 in.) of Gravel Streambed Material will be
placed along the channel invert to simulate a "natural” riverbed. This substrate will maintain the
continuity of sediment supply through the reach, similar to a natural channel. The gravel
material will also serve as a foundation for the development of a diverse and productive aquatic
habitat.
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Scour Potential Assessment and Results

Scour computations were completed for the 100- and 500-year frequency discharges. The
computations for the lower frequency discharges were not performed as the degree of
contraction, velocity and other flow variables were found relatively moderate compared to the
conditions under the above high frequency discharges.

The Dsp used in the presented computation was based on a soil sample of existing material taken
in the vicinity of the proposed bridge (see Figure 4). The bottom of the proposed channel will
actually be laid with Gravel Streambed Material which is intended as sediment supply medium,
as indicated previously. However, the composition, thickness and the relative vertical location of
this layer will change over time, as it is displaced and replenished with the sediment supply from
upstream - mainly until the proposed channel stabilizes, and a balance in sediment transport is
established. Moreover, as the median particle size of the proposed channel-bed material is
larger than that of the soil sample, the dso used in the computation is deemed to produce more
conservative results.

Figure 4. Soil Sample (For estimating Dso for Scour Analysis)

'3 . R
vl MY chiac o8 o 5 L N

Scour analysis Soil Sample #3, upstream of existing 1-84 Structure No. 05774, easterly riverbank
looking westerly, location upstream of proposed Bridge No. 06591, 12/7/00
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The computed scour depths are minimal because the abutments have been located to minimize
the obstruction of overbank floodplain flows and the river channelization moves the contraction
of flow away from the structure.

Computed scour depths for the 100 and 500 year return frequencies are as follows:

Table 3. Summary of Computed Scour Depths

Scour Depths (m)
100 Year Amended Amended
Long-Term | Contraction | Abutment Total
Abutment 1(Westerly) 0.3 0.25* 0.00 0.55
Abutment 2(Easterly) 0.3 0.25* 0.00 0.55
Scour Depths (m)
500 Year Amended Amended
Long-Term | Contraction | Abutment Total
Abutment 1(Westerly) 0.3 0.75* 0.68 1.73
Abutment 2(Easterly) 0.3 0.75* 0.47 1.52

* Further upstream of the bridge where the river channel narrows to the new trapezoidal section,
the contraction scour is greater at 1.94 m for the 100-year, and 2.27 m for the 500-year
discharges.

The 100-year discharge was determined to be the design discharge.

Long-term channel scour was assumed to be 0.3 meter (one foot) to account for potential future
channel degradation and will largely be controlled by the proposed riprap grade control
structures. As discussed previously, the general concept of the grade control structures is from
the publication Blockschwellen by Whittaker and Jaggi. The design assumes that the structures
will act as hard-points along the channel bottom to limit channel headcutting. As scour holes
develop downstream of the grade control structures, rocks from the grade control structures will
launch into the scour holes. Eventually, an equilibrium will be reached when a sufficient
quantity of stone has been launched into the scour holes, completely armoring the holes, and
preventing further channel degradation. The volume of the constructed grade control structure
must be sufficient to provide enough rock to launch into the scour hole to an adequate depth to
armor the scour hole and still provide grade control protection in its constructed location. The
thickness of the proposed grade control structure (River Station 1+940 to +970) upstream of the
bridge is 0.9 meter (2 ft). It is assumed that the anticipated launching of the rocks could reduce
the thickness of the grade control structures by as much as 0.3 meter (one foot) and result in a
corresponding lowering of the constructed channel profile (long-term channel degradation).
Further vertical degradation will be restricted by the additional downstream grade control
structures at River Stations 1+860, 1+775 and 1+695, of which each will be 2-meter (6.6-ft)
thick .

10
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Structural Design Review and Conclusions

Footing
Page 2.4 of HEC-18 states:

Placing the top of the footing or pile cap below the streambed a depth equal to the
estimated long-term degradation and contraction scour depth will minimize
obstruction to flood flows and resulting local scour.

The top of the pile cap has been located in accordance with this guideline for the 100-year design
discharge.

Piles

The typical guideline for pile supported abutments is to design the substructure using normal
factors of safety assuming the piles are unsupported to the depth of total scour (long-term plus
contraction plus amended local abutment) for the design discharge. The calculations indicate
that the depth of total scour will not expose the piles for the 100-year design discharge.

"Superflood"
Page 2.4 of HEC-18 recommends that the foundation design should be checked for scour

conditions resulting from a "Superflood”. The design "should have a minimum factor of safety
of 1.0 (ultimate load) under the superflood conditions.” For this bridge the 500-year flood was
assumed to be the "Superflood”. As with the 100-year design discharge, the computations
predict that the piles will not be exposed by scour during the 500-year event.

11
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Appendix A: Structure Plans & Details

(Note: The plans and details included in this report are
intended for information purposes only. If there are
any discrepancies to the actual construction or “as-
built” plans, the information reflected on the
construction or “as-built” plans shall be construed
more accurate.)
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TRANSPORTATION DIMENSION AND MASS

MEMBER| MAX. SHIPPING MAX. SHIPPING MAX. SHIPPING MAX. SHIPPING
LENGTH HEIGHT WIDTH MASS
G-4 36 200 mm 2400 mm 1500 mm 25 900 kg
BORING LEGEND
& - NEW BORING (2001
@ - EXISTING BORING (1957 AND 1991)
BRIDGE/CULVERT NO. 06591
Drainage Area, km2 62.3
Design Frequency, year 100
Design Discharge, cms 176.98
Average Daily Flow Elevation, M 110.8 (observed)
Upstream Design Water Surface Elevation, M 113.83
Downstream Design Water Surface Elevation, M 113.78
Maximum Scour Elevation, M 112.27
Frequency (year) 500
Discharge (cms) 269.01
Worst case scour sub-strucutre unit Abutment #1 (West)

DETALS AND GRADING. SEWER IN 1200mm STEEL
ELEVAT'ON CASING INV. 109.48+
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Appendix B: Scour Computations

Based on DOT Design Discharges

o Summary Sheet

o 100-YR Contraction Scour

o 100-YR Abutment Scour

o 100-YR Contraction Scour (RS 1983 to 1962)
o 500-YR Contraction Scour

o 500-YR Abutment Scour

o 500-YR Contraction Scour (RS 1983 to 1962)





Final Design
Bridge No. 06591
Exit 24 On-Ramp, Westbound 1-84 (from Harpers Ferry Road)
Computed Scour Depths using Froehlich's Abutment Scour Equation

July 2006 - revised March 2014

Abutment #1- Westerly Abutment or Left Abutment Looking Upstream

Ave. Flow Scour Depth (m)
Depth Abutment | Amended | Amended
Flood Recurrence | Obstructed | Long-Term [ Contraction [ Equation | Abutment Total
Qioo 0.00 0.3 0.25 * N/A 0.0 0.55
Qsoo 0.34 0.3 0.75* | Froehlich 0.68 1.73
Overtopping > Qsoo
Abutment #2- Easterly Abutment or Right Abutment Looking Upstream
Ave. Flow Scour Depth (m)
Depth Abutment | Amended | Amended
Flood Recurrence | Obstructed | Long-Term [ Contraction [ Equation | Abutment Total
Qoo 0.00 03 0.25 « N/A 0.0 0.55
Qu0 0.40 03 0.75* | Frochlich 0.47 1.52
Overtopping > Qsoo

* The computed contraction scour depth upstream of the bridge where the river channel narrows to
the new trapezoidal section is 1.94 m for the 100-year, and 2.27 m for the 500-year discharges.
With the proposed grade control structure, the anticipated scour depth is zero (except for the

long-term scour).

Comparison of Footing Elevations to Computed Scour Depths

Elevation (m) Assumed Elevation of Scour at Abutment (m)
Ground 100 Year Discharge 500 Year Discharge
Elevation at | Long-Term Long-Term
Abutment Top of Bottom of Base of + +
No. Depth of Footing (m) Footing Footing Abutment | Contraction Total Contraction Total
1 1.45 112.95 111.50 114.0 113.45 113.45 112.95 112.27
2 1.55 113.05 111.50 114.5 113.95 113.95 113.45 112.98

Abutment No. 1

-Top of footing below the sum of long-term channel degradation and contraction scour depths for the 100 year discharge- Design OK

-Computed total scour depth for the 100 year discharge is above the bottom of the footing, piles are not exposed by scour

-Computed total scour depth for the 500 year discharge is above the bottom of the footing, piles are not exposed by scour

Abutment No. 2

-Top of footing below the sum of long-term channel degradation and contraction scour depths for the 100 year discharge- Design OK

-Computed total scour depth for the 100 year discharge is above the bottom of the footing, piles are not exposed by scour

-Computed total scour depth for the 500 year discharge is above the bottom of the footing, piles are not exposed by scour

idge No. 06591
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PROJECT NO. | 151-273 BRIDGE NO. 06591 UNIT:[ Metric |
Ref. HEC-18., May 2001 (4th ed.)
SUMMARY
Contraction Scour Type: LIVE-BED Depth: 0.25 m Event: 100-YR
Local West Abut. #1 LEFT Eq.: N/A Depth: N/A m Event: 100-YR
Abutment East Abut. #2 RIGHT Eqg.: N/A Depth: N/A m Event: 100-YR
CONTRACTION SCOUR
ve=Kuy”™p"”™ Eq. 5.1
= 1.48 m/s Critacal velocity above which bed material of size D and smaller will be transported
Ku = 6.19 m (6.19 in Sl units; 11.17 in English units)
y= 2.69 m Average depth of flow upstream of the bridge
D= 0.0084 m Particle size forVc , m (use Dsgg)
V1= 2.09 m/s The mean velocity of the flow in the main channel or overbank area upstream of the brige opening

Ve < V1 Thus, LIVE-BED CONTRACTION SCOUR

Live-Bed Contraction Scour

Y2/Y1 = (Q2/Q1) ¥ (W1/w2)*' =
Ys=Y2-Yo m

1.00

= 0.25 m Average contraction scour depth
Y1 = 2.69 m Average depth in the upstream main channel
Y2 = 2.69 m Average depth in the contracted section
Yo = 244 m Existing depth in the contracted section before scour
Q1= 176.98 m3/s Flow in the upstream channel transporting sediment
Q2= 176.98 m3/s Flow in the contracted channel
W1 = 12.00 m Bottom width of the upstream main channel that is transporting bed material
W2 = 12.00 m Bottom width of the main channel in the contracted section less pier width
k1= 0.64  Exponent determined below ( Viw= 073 )
V*=  0.3155 =(Tolp)"? or (gY1S1)" , shear velocity in the upstream section , m/s
W= 0.43 m/s Fall velocity of bed material based on the D5, (Figure 5.8)
g= 9.81 m/s*2 Acceleration of gravity
S1= 0.002329 m/m Slope of energy gradeline of main channel
To= 99.51 Pa (N/m”2) Shear stess on the bed
p= 1000 kg/m"3 Density of water
10 I
E! ............... Hiode of Bed
1 V¥w k1 Material
R ISR U O T I8 18 (O S Y, 1o S T TI"J."?'SFJ"}I'T
0.001 Maostly contact
‘ ' 0.50 0.59 bed material
E £ discharge
E_ - Some
P SR PP W NG 08| I S 35 1 P— i, o 0.50 to 0.64 suspended bed
i 20 material
01 0.0001 discharge
Mostly
-3 0 069 suspended bed
................ material
................................. discharge
0.01 — 0.00001
0.001 0.01 01
®, m/s
Figure 5.8. Fall velocity of sand-sized particles with specific gravity of 2.65 in metric units.
Bridge No. 06591 Appendix B






Clear-Water Contraction Scour

y2= [ K. Q
D T2

m

ys= Yy2-yo m

= N/A m
y2 = 7.60 m

yo = 244 m
Q= 176.98 m3/s
W= 1200m
K,=  0.0250

37
]

Average contraction scour depth  LIVE-BED controls. Ignore this procedure

Average equilibrium depth in the contracted section after contraction scour

Average existing depth in the contracted section

Discharge through the bridge or on the set-back overbank area at the bridge associated with the width v
Bottom width of the contracted section less pier widths

(0.025 in Sl units; 0.0077 in English units)

Diameter of the smallest nontransportable particle in the bed material (1.25 D50) in th contacted setion
Median diameter of bed material

Because D50 is not the largest particle in the bed material, the scoured section can

be slightly armored. Therefore, the Dm is assumed to be 1.25 D50. For stratified bed
material the depth of scour can be determined by using the clear-water scour equation
sequentially with successive Dm of the bed material layers.
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Cross Sections used for Constraction Scour Computations

UPSTREAM SECTION 1962
Mad River, 151-273, Metric Plan: PROPOSED (New Survey), ConnDOT Q
RS = 1962 U/S of I-84 WB Exit 24 On-Ramp (06591) from Harpers Ferry Rd.
k .08 sk .04 sk .08 ‘.‘
1244 L T T 0
2 Legend
WS 100 Year|
il 0.0 mis
1229 0.5 m/s
1.0 m/s
e
1.5 m/s
—
2.0 m/s
1204 4 —
2.5 m/s
Ground
w1 Ineff
118 B Bank Sta
€
S
g
K
w e S
116+
1144
1124
110 T T T T T T 1
-100 -80 -60 -40 -20 0 20 40
Station (m)
CONTRACTED SECTION 1938.5BR U
Mad River, 151-273, Metric Plan: PROPOSED (New Survey), ConnDOT Q
RS =1938.5 BR Proposed Bridge No. 06591
Sle 5|
.08 T .04 %
1247 Legend
WS 100 Year
—————
0 m/s
122 1mis
2 m/s
—
3 m/s
I
4 m/s
1204 4 A
Ground
Ineff
°
Bank Sta
1187
g
c
S
o
3
[m}
116+
1144
1129
110 T T T T T T 1
-100 -80 -60 -40 -20 0 20 40
Station (m)
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UPSTREAM CHANNEL SECTION River Station Event:
HEC-RAS CROSS SECTION OUTPUT
Plan: PR_DOT Mad River Reach 1 RS: 1962 Profile: 100 Year
E.G. Elev (m) 114.37 Element Left OB Channel Right OB Total
Vel Head (m) 0.22 Wt. n-Val. 0.043
W.S. Elev (m) 114.15 Reach Len. (m) 17.4 17.4 17.4
Crit W.S. (m) 112.7 Flow Area (m2) 84.65
E.G. Slope (m/m) 0.002329 Area (m2) 84.65 84.65
Q Total (m3/s) 176.98 Flow (m3/s) 176.98
Top Width (m) 31.45 Top Width (m) 31.45
Vel Total (m/s) 2.09 Avg. Vel. (m/s) 2.09
Max Chl Dpth (m) 3.5 Hydr. Depth (m) 2.69 2.69 | Flow dis. manual
Conv. Total (m3/s) 3667.5 Conv. (m3/s) 3667.5 Left WS Sta. -18.46
Length Wtd. (m) 17.4 Wetted Per. (m) 33.02 Left Flood Sta. (data) -21.08
Min Ch EI (m) 110.65 Shear (N/m2) 58.53 Left Main Channel -7.17
Alpha 1 Stream Power (N/m s) 1385.59 0 0 Right Main Channel 7.76
Frctn Loss (m) 0.05 Cum Volume (1000 m3) 9.82 68.03 4.23 Right Flood Sta. (data) 12.87
C & E Loss (m) 0.06 Cum SA (1000 m2) 23.49 28.8 6.51 Right WS Sta. 12.99
L' (left) 13.91 L (left) 11.29
FLOW DISTRIBUTION IN CROSS SECTION OUTPUT L' (Right) 5.11 L (Right) 5.23
W1 Q1, Qe Area Y1 V1
LEFT 51.33 26.4
ain 14.93 116.89 51.42 3.44 2.27
Rig 8.73 6.84
Plan: PR_DOT Mad River Reach 1 RS: 1962 Profile: 100 Year
Pos Left Sta Right Sta Flow Area W.P. Percent  Hydr velocity Shear
(m) (m) (m3/s) (m2) (m) Conv Deptti{m) (m/s) (N/m2)
1 Chan 20.22 -18.36 0 0 0.11 0 0.02 0.04 0.5
2 Chan -18.36 -16.49 0.6 0.96 2.09 0.34 0.52 0.63 10.52
3 Chan -16.49 4.63 3.21 2.7 .08 1.82 1.45 1.19 29.55
4 Chan -14.63 -12.78 7.35 4.4 2.09 4.15 2.38 1.66 48.53
5 Chan -12.76 -10.9 2.2 5.85 1.94 6.92 3.14 2.09 68.8
6 Chan -10.9 -9.03 .62 6.14 1.87 7.7 3.29 222 75.07
7 Chan -9.03 -7.17 14.3 8.32 1.87 8.08 3.39 2.26 77.28
8 Chan -7.17 5.3 14.95 6.49 1.87 8.45 3.48 23 79.39
9 Chan -5.3 -3.44 15.09 6.53 8 8.53 3.5 2.31 79.89
10 Chan 3744 -1.57 15.09 6.53 1.87 8.53 3.5 2.31 79.89
11 Chan -1.57 0.3 15.09 6.53 1.87 8.5 3.5 2.31 79.89
12 Chan 0.3 2.16 15.09 6.53 1.87 8.53 3 2.31 79.89
13 Chan 2.16 4.03 15.09 6.53 1.87 8.53 3.5 31 79.89
14 Chap 4.03 5.89 15.09 6.53 1.87 8.53 3.5 23 79.89
5-Chan 5.89 7.76 11.4 5.75 2.07 6.44 3.08 1.98 633
16 Chan 7.76 9.62 6.23 4.01 2.09 3.52 2.15 1.55 43.92
17 Chan 9.62 11.49 2.36 2.27 2.09 1.34 1.22 1.04 24.83
18 Chan 11.49 13.35 0.14 0.56 1.68 0.08 0.37 0.24 7.65
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
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Power
(N/m's)

0.02
6.58
35.21
80.49
144.03
166.55
174.84
182.84
184.77
184.77
184.77
184.77
184.77
184.77
125.59
68.16

25.8
1.85
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51.3121
116.818
8.7107

AxV

0
0.6048
3.213
7.3538
12.2265
13.6308
14.2832
14.927
15.0843
15.0843
15.0843
15.0843
15.0843
15.0843
11.385
6.2155
.3608
0.7344
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CONTRACTED CHANNEL SECTION River Station | 1938.5 BR U
CROSS SECTION OUTPUT
Plan: PR_DOT Mad River Reach 1 RS:1938.5 BRU Profile: 100 Year

E.G. Elev (m) 114.26 Element Left OB Channel Right OB Total
Vel Head (m) 0.43 Wt. n-Val. 0.04
W.S. Elev (m) 113.83 Reach Len. (m) 12.8 12.8 12.8
Crit W.S. (m) 112.97 Flow Area (m2) 61.19
E.G. Slope (m/m) 0.004422 Area (m2) 61.19 61.19
Q Total (m3/s) 176.98 Flow (m3/s) 176.98
Top Width (m) 25.1 Top Width (m) 25.1
Vel Total (m/s) 2.89 Avg. Vel. (m/s) 2.89
Max Chl Dpth (m) 3.3 Hydr. Depth (m) 244 244 | Flow dis. manual
Conv. Total (m3/s) 2661.6 Conv. (m3/s) 2661.6 Left WS Sta. -13.95 -12.59
Length Wtd. (m) 12.8 Wetted Per. (m) 26.66 Left Flood Sta. -12.59
Min Ch EI (m) 110.53 Shear (N/m2) 99.51 Left Main Channel -8
Alpha 1 Stream Power (N/m s) 658.33 0 0 Right Main Channel 6.89 12.5
Frctn Loss (m) 0.06 Cum Volume (1000 m3) 9.82 66.76 4.23 Right Flood Sta. 125
C & E Loss (m) 0.01 Cum SA (1000 m2) 23.49 28.31 6.51 Right WS Sta. 12.84 12.5
L' (left) 4.59 L (left) 4.59
FLOW DISTRIBUTION IN CROSS SECTION OUTPUT L' (Right) 5.61 L (Right) 5.61
W1 Q1, Qe Area Y1 V1
LEFT 9.22 5.28 9.2379
Main 14.89 151.56 47.91 3.22 3.16 151.583
Righ 16.21 8.01 16.21
Plan: PR_DOT Mad River “Reach 1 RS: 1938.5 BR U Profile: 100 Year
Pos LeftSta Right Sta Flow Area W.P. Percent  Hydr elaCity Shear Power AxV
(m) (m) (m3/s) (m2) (m) Conv Depth (m/s) (N/m2)  (N/ms)
1 Chan 3.95 -12.46 0 0 0.14 0 0.03 0.14 1.24 0.17 0
2 Chan -12.26 -10.98 0.51 0.65 1.66 0.29 0.44 0.78 16.92 13.25  0.507
3 Chan -10.98 -9.49 2.67 1.76 66 1.51 1.18 1.52 45.81 69.67 2.6752
4 Chan -9.49 =8 6.04 2.8 1.66 3.41 1.93 2.1 7469  157.38 6.0557
5 Chan -8 -6.51 10.42 .98 1.66 5.89 2.67 262 103.57 271.39 10.4276
6 Chan -6.51 -5.02 152 4.85 1.55 8.59 3.26 3.14 135,65 42547 15.229
7 Chan -5.02 -3.53 15.96 491 1.49 9.02 3.3 325 143.05 464.86 15.9575
8 Chan -3.53 -2 15.96 4.9 1.49 9.02 3.3 325 143.05 464.86 15.9575
9 Chan -2.05 -0.56 15.96 4.91 49 9.02 3.3 325 143.05 464.86 15.9575
10 Chan -0.56 0.93 15.96 4.91 1.49 9.02 3.3 325 143.05 464.86 15.9575
11 Chan 0.93 242 15.96 4.91 1.49 9.0 3.3 325 143.05 464.86 15.9575
12 Chan 242 3.91 15.96 4.91 1.49 9.02 3+ 325 143.05 464.86 15.9575
13 Chan 3.91 54 15.96 4.91 1.49 9.02 3.3 25 143.05 464.86 15.9575
14 Chan 5.4 6.89 14.22 4.71 1.6 8.03 3.17 3.0 128  386.27 14.2242
15 Ctran 6.89 8.37 9.14 3.68 1.67 5.16 247 2.48 9559 237.43 9.1264
16 Chan 8.37 9.86 4.98 2.56 1.67 2.81 1.72 1.95 66.39 429.32  4.992
17 Chan 9.86 11.35 1.89 1.43 1.67 1.07 0.96 1.32 37.19 49. 1.8876
18 Chan 11.35 12.84 0.2 0.34 1.29 0.11 0.29 0.6 11.29 6.75  0.264
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
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LIVE SCOUR AT ABUTMENTS

Froehlich's Live-Bed Abutment Scour Equation LEFT RIGHT
Ys/Ya = 2.27 K1 K2 (L'/Ya) *®* Fr®® + 1= N/A NA Eq. 7.1
Amended Local Scour Equation
Ys/Ya = 2.27 K1 K2 (L'/Ya) *** Fr®%' + 0.05 = N/A NA CT DOT DM Pg 9B-2
LEFT RIGHT
Ys = N/A N/A m Scour depth <== using Amended equation
K1 = 1.00 1.00 Coeffcient for abutment shape (see Table 7.1 and Figrue 7.6)
K2 = 1.08 0.96 (6/90) %", Coefficient for angle of embankment to flow
6 = 160 66
0 < 90 degrees if embankment points downstream
0 > 90 degrees if embankment points upstream
(see Figure 7.5 for definition of 8)
L'= 0.00 0.00 m Length of active flow obstructed by the embankment
(see Figure 7.4)
Ae = 0.00 0.00 m”2 Flow area of the approach cross section obstructed by the embankment
Fr= N/A N/A Vel/(gYa)*0.5, Froude Number of approach flow upstream of the abutment
Ve = N/A N/A m/s Qe/Ae
Qe = 0 0 m”3/s Flow obstructed by the abutment and approach embankment
Ya= N/A N/A m Ae/L, Average depth of flow on the floodplain
L 0 Om Length of embankment projected normal to the flow
Table 7.1. Abutment Shape Ceefiicienis.
Description K,
Vertical-wall abutment 1.00
Vertical-wall abutment with wing walls 0.82
Spill-through abutment 0.55
Plan Plan Flan
- A —id B e
N S
Saction A - A' Seclion A - A' Section A - A'
(=) Spill Through (b} Vertical Wall (c) Vertical Wall with
Flarsd Wingwalls
Figure 7.6, Abutment shape.
| L M| /
| 1
| Right Embankmen] | —
/A
7
il

Ejual Cdnveyance Tubes

e

Figure 7.4. Determination of length of embankment blocking live flow for abutment

Bridge No. 06591

scour estimati

on.

Figure 7.5. Orientation of embankment angle, &, to the flow.
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HIRE Live-Bed Abutment Scour Equation

LEFT RIGHT

Applicability check: LY, = N/A N/A Use HIRE Eq. only if L/Y ; > 25
YJY, =4 Fr®% K055 K,= N/A NA Eq. 7.1
LEFT  RIGHT
Ys = N/A N/A m Scour depth (N/A if L/Y, < 25)
K1 = 1.00 1.00 Coeffcient for abutment shape (see Table 7.1 on RIGHT)
Kz = 1.08 0.96 (8/90)°", Coefficient for angle of embankment to flow
Yi= NA  NAm Depth of flow at the abutment on the overbank or in the main channel,
Fr= N/A N/A

Vel/(gYa)"0.5, Froude Number of approach flow upstream of the abutment
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Cross Sections Used for Local Abutment Scour Computations

BRIDGE SECTION 1938.5 BRU

Mad River, 151-273, Metric
RS =1938.5 BR Proposed Bridge No. 06591

Plan: PROPOSED (New Survey), ConnDOT Q

v
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* As the abutments are located
outside of the 100-year flood flow
as shown, the length obstructed

by the abutment is zero. Thus, the
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UPSTREAM APPROACH CHANNEL SECTION  River Station| 1962 | Event. _ [100-YR

CROSS SECTION OUTPUT Use the same data as in the contraction scour computation? |No
Plan: PR_DOT Mad River Reach 1 RS: 1962 Profile: 100 Year
E.G. Elev (m) 114.37 Element Left OB Channel Right OB Total
Vel Head (m) 0.22 Wt. n-Val. 0.043
W.S. Elev (m) 114.15 Reach Len. (m) 17.4 17.4 17.4
Crit W.S. (m) 112.7 Flow Area (m2) 84.65
E.G. Slope (m/m) 0.002329 Area (m2) 84.65 84.65
Q Total (m3/s) 176.98 Flow (m3/s) 176.98
Top Width (m) 31.45 Top Width (m) 31.45
Vel Total (m/s) 2.09 Avg. Vel. (m/s) 2.09
Max Chl Dpth (m) 3.5 Hydr. Depth (m) 2.69 2.69 Flow dis. manual
Conv. Total (m3/s) 3667.5 Conv. (m3/s) 3667.5 Left WS Sta. -18.46
Length Wtd. (m) 17.4 Wetted Per. (m) 33.02 Left Flood Sta. (data) -18.46
Min Ch EI (m) 110.65 Shear (N/m2) 58.53 Left Main Channel -18.36
Alpha 1 Stream Power (N/m s) 1385.59 0 0 Right Main Channel 12.99
Frctn Loss (m) 0.05 Cum Volume (1000 m3) 9.82 68.03 4.23 Right Flood Sta. (data) 12.99
C & E Loss (m) 0.06 Cum SA (1000 m2) 23.49 28.8 6.51 Right WS Sta. 12.99
L' (left) 0.1 L (left) 0.1
FLOW DISTRIBUTION IN CROSS SECTION OUTPUT L' (Right) 0 L (Right) 0
W1 Q1, Qe Area Y1 V1
LEFT 0 0 0
Main 31.35 176.95 84.66 2.70 2.09 176.8406
Right 0 0 0
Plan: PR_DOT Mad River Reach 1 RS: 1962 Profile: 100 Year
Pos Left Sta Right Sta Flow Area W.P. Percent  Hydr Velocity Shear Power AxV
(m) (m) (m3/s) (m2) (m) Conv Depth(m) (m/s) (N/m2)  (N/ms)
1 Chan -20.22 -18.36 0 0 0.11 0 0.02 0.04 0.5 0.02 0
2 Chan -18.36 -16.49 0.6 0.96 2.09 0.34 0.52 0.63 10.52 6.58  0.6048
3 Chan -16.49 -14.63 3.21 2.7 2.08 1.82 1.45 1.19 29.55 35.21 3.213
4 Chan -14.63 -12.76 7.35 4.43 2.09 4.15 2.38 1.66 48.53 80.49/ 7.3538
5 Chan -12.76 -10.9 12.25 5.85 1.94 6.92 3.14 2.09 68.8  144.03 12.2265
6 Chan -10.9 -9.03 13.62 6.14 1.87 7.7 3.29 222 75.07 166.55/ 13.6308
7 Chan -9.03 -7.17 14.3 6.32 1.87 8.08 3.39 2.26 7728 174.84] 14.2832
8 Chan -7.17 -5.3 14.95 6.49 1.87 8.45 3.48 23 79.39  182.84] 14.927
9 Chan -5.3 -3.44 15.09 6.53 1.87 8.53 3.5 2.31 79.89  184.77/ 15.0843
10 Chan -3.44 -1.57 15.09 6.53 1.87 8.53 3.5 2.31 79.89  184.77| 15.0843
11 Chan -1.57 0.3 15.09 6.53 1.87 8.53 3.5 2.31 79.89  184.77| 15.0843
12 Chan 0.3 2.16 15.09 6.53 1.87 8.53 3.5 2.31 79.89  184.77/ 15.0843
13 Chan 2.16 4.03 15.09 6.53 1.87 8.53 3.5 2.31 79.89  184.77/ 15.0843
14 Chan 4.03 5.89 15.09 6.53 1.87 8.53 3.5 2.31 79.89  184.77| 15.0843
15 Chan 5.89 7.76 11.4 5.75 2.07 6.44 3.08 1.98 63.37 125,59/ 11.385
16 Chan 7.76 9.62 6.23 4.01 2.09 3.52 2.15 1.55 43.92 68.16/ 6.2155
17 Chan 9.62 11.49 2.36 2.27 2.09 1.34 1.22 1.04 24.83 25.87| 2.3608
18 Chan 11.49 13.35 0.14 0.56 1.68 0.08 0.37 0.24 7.65 1.85  0.1344
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

Bridge No. 06591 Appendix B





BRIDGE SECTION
CROSS SECTION OUTPUT
Plan: PR_DOT Mad River

River Station [ 1938.5 BR U
Use the same data as in the contraction scour computation?
Reach 1 RS: 1938.5 BRU Profile: 100 Year

E.G. Elev (m) 114.26 Element Left OB Channel Right OB
Vel Head (m) 0.43 Wt. n-Val. 0.04
W.S. Elev (m) 113.83 Reach Len. (m) 12.8 12.8 12.8
Crit W.S. (m) 112.97 Flow Area (m2) 61.19
E.G. Slope (m/m) 0.004422 Area (m2) 61.19
Q Total (m3/s) 176.98 Flow (m3/s) 176.98
Top Width (m) 25.1 Top Width (m) 25.1
Vel Total (m/s) 2.89 Avg. Vel. (m/s) 2.89
Max Chl Dpth (m) 3.3 Hydr. Depth (m) 244
Conv. Total (m3/s) 2661.6 Conv. (m3/s) 2661.6
Length Wtd. (m) 12.8 Wetted Per. (m) 26.66
Min Ch EI (m) 110.53 Shear (N/m2) 99.51
Alpha 1 Stream Power (N/m s) 658.33 0 0
Frctn Loss (m) 0.06 Cum Volume (1000 m3) 9.82 66.76 4.23
C & E Loss (m) 0.01 Cum SA (1000 m2) 23.49 28.31 6.51
FLOW DISTRIBUTION IN CROSS SECTION OUTPUT
W1 Q1, Qe Area
LEFT 0 0
Main 25.09 176.99 61.2
Right
Plan: PR_DOT Mad River Reach 1 RS:1938.5 BRU Profile: 100 Year
Pos Left Sta Right Sta Flow Area W.P.
(m) (m) (m3/s) (m2) (m)
1 Chan -13.95 -12.46 0 0 0.14
2 Chan -12.46 -10.98 0.51 0.65 1.66
3 Chan -10.98 -9.49 2.67 1.76 1.66
4 Chan -9.49 -8 6.04 2.87 1.66
5 Chan -8 -6.51 10.42 3.98 1.66
6 Chan -6.51 -5.02 15.2 4.85 1.55
7 Chan -5.02 -3.53 15.96 4.91 1.49
8 Chan -3.53 -2.05 15.96 4.91 1.49
9 Chan -2.05 -0.56 15.96 4.91 1.49
10 Chan -0.56 0.93 15.96 4.91 1.49
11 Chan 0.93 242 15.96 4.91 1.49
12 Chan 242 3.91 15.96 4.91 1.49
13 Chan 3.91 54 15.96 4.91 1.49
14 Chan 5.4 6.89 14.22 4.71 1.6
15 Chan 6.89 8.37 9.14 3.68 1.67
16 Chan 8.37 9.86 4.98 2.56 1.67
17 Chan 9.86 11.35 1.89 1.43 1.67
18 Chan 11.35 12.84 0.2 0.34 1.29
19
20
21
22
23
24
BRIDGE OUTPUT River Station
Plan: PR_DOT Mad River Reach 1 RS: 1938.5 Profile: 100 Year
E.G. US. (m) 114.37 Element Inside BR US Inside BR DS
W.S. US. (m) 114.15 E.G. Elev (m) 114.26 114.19
Q Total (m3/s) 176.98 W.S. Elev (m) 113.83 113.78
Q Bridge (m3/s) 176.98 Crit W.S. (m) 112.97 112.91
Q Weir (m3/s) Max Chl Dpth (m) 3.3 3.3
Weir Sta Lft (m) Vel Total (m/s) 2.89 2.85
Weir Sta Rgt (m) Flow Area (m2) 61.19 62.13
Weir Submerg Froude # Chl 0.59 0.58
Weir Max Depth (m) Specif Force (m3) 141.21 141.43
Min EI Weir Flow (m] 120.7 Hydr Depth (m) 2.44 2.43
Min EI Prs (m) 119.5 W.P. Total (m) 26.66 27.09
Delta EG (m) 0.36 Conv. Total (m3/s) 2661.6 2701
Delta WS (m) 0.4 Top Width (m) 25.1 25.56
BR Open Area (m2) 203.36 Frctn Loss (m) 0.06 0.11
BR Open Vel (m/s) 2.89 C & E Loss (m) 0.01 0.07
Coef of Q Shear Total (N/m2) 99.51 96.55
Br Sel Method Energy only Power Total (N/m s) -1572.79 -1409.04

Bridge No. 06591

Total
61.19
2.44 Flow dis. manual
Left WS Sta. -13.95 -12.59
Left Flood Sta. -12.59
Left Main Channel -12.59
Right Main Channel 125
Right Flood Sta. 125
Right WS Sta. 12.5
L' (left) 0 L (left) 0
L' (Right) 0 L (Right) 0
Y1 V1
2.44 2.89
Percent  Hydr Velocity Shear
Conv Depth(m) (m/s) (N/m2)
0 0.03 0.14 1.24
0.29 0.44 0.78 16.92
1.51 1.18 1.52 45.81
3.41 1.93 2.1 74.69
5.89 2.67 2.62 103.57
8.59 3.26 3.14 135.65
9.02 3.3 3.25 143.05
9.02 3.3 3.25 143.05
9.02 3.3 3.25 143.05
9.02 3.3 3.25 143.05
9.02 3.3 3.25 143.05
9.02 3.3 3.25 143.05
9.02 3.3 3.25 143.05
8.03 3.17 3.02 128
5.16 247 2.48 95.59
2.81 1.72 1.95 66.39
1.07 0.96 1.32 37.19
0.11 0.29 0.6 11.29

Power
(N/m's)

0.17
13.25
69.67

157.38
271.39
425.47
464.86
464.86
464.86
464.86
464.86
464.86
464.86
386.27
237.43
129.32
49.22
6.75
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0
177.0312

AxV

0

0.507
2.6752
6.0557
10.4276
15.229
15.9575
15.9575
15.9575
15.9575
15.9575
15.9575
15.9575
14.2242
9.1264
4.992
1.8876
0.204





PROJECT NO. | 151-273 BRIDGE NO. 06591 UNIT:[ Metric |
Ref. HEC-18., May 2001 (4th ed.)

SUMMARY

[Contraction Scour [ Type: LIVE-BED [ Depth: 1.94 m | Event: 100-YR |

CONTRACTION SCOUR (RS 1+962)

ve=Kuy”™p"” Eq. 5.1
= 1.54 m/s Critacal velocity above which bed material of size D and smaller will be transported
Ku = 6.19 m (6.19 in Sl units; 11.17 in English units)
y= 3.40 m Average depth of flow upstream of the bridge
D= 0.0084 m Particle size forVc , m (use Dsgg)
V1= 2.25 m/s The mean velocity of the flow in the main channel or overbank area upstream of the brige opening
Ve < V1 Thus, LIVE-BED CONTRACTION SCOUR
Live-Bed Contraction Scour
Y2/Y1 = (Q2/Q1) ¥ (W1W2)*' = 1.57 Eq. 5.2
Ys=Y2-Yo m Eq. 5.3
= 1.94 m Average contraction scour depth
Y1 = 3.40 m Average depth in the upstream main channel
Y2 = 533 m Average depth in the contracted section
Yo = 340 m Existing depth in the contracted section before scour
Q1= 77.14 m3/s Flow in the upstream channel transporting sediment
Q2= 157.06 m3/s Flow in the contracted channel
W1 = 16.00 m Bottom width of the upstream main channel that is transporting bed material
W2 = 20.52 m Bottom width of the main channel in the contracted section less pier width
k1= 0.64 Exponent determined below ( Viw= 056 )
V*= 0.2419 =(Tolp)"? or (gY1S1)"? , shear velocity in the upstream section , m/s
W= 0.43 m/s Fall velocity of bed material based on the D5, (Figure 5.8)
g= 9.81 m/s*2 Acceleration of gravity
S1= 0.000652 m/m Slope of energy gradeline of main channel
To= 58.53 Pa (N/m”2) Shear stess on the bed
p= 1000 kg/m"3 Density of water
10 3 0.01
] Mode of Bed
i ; V/w k1 Material
] e 7 ¢ Transport
; : P Mostly contact
<0.50 0.59 bed material
E £ discharge
E_ ........ - Some
“n 0.50to suspended bed
.......... (m) 20 0684 mat%rial
01 0.0001 discharge
Mostly
- suspended bed
2.0 069 mal?arial
ﬂl discharge
001 ; T l et 0.00001
0.00 0.01 0.1
®, m/s

Figure 5.8. Fall velocity of sand-sized particles with specific gravity of 2.65 in metric units.
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Clear-Water Contraction Scour

y2= [ K@
Dm213W2
ys= Yy2-yo m
= N/A m
y2 = 480 m
yo = 340 m
Q= 176.98 m3/s
W= 2052m
K,=  0.0250
Dm=/ 00105m
Dso=  0.0084 m

s Eq. 5.4

[e—

Average contraction scour depth  LIVE-BED controls. Ignore this procedure

Average equilibrium depth in the contracted section after contraction scour

Average existing depth in the contracted section

Discharge through the bridge or on the set-back overbank area at the bridge associated with the width W
Bottom width of the contracted section less pier widths

(0.025 in Sl units; 0.0077 in English units)

Diameter of the smallest nontransportable particle in the bed material (1.25 D50) in th contacted setion
Median diameter of bed material

Because D50 is not the largest particle in the bed material, the scoured section can

be slightly armored. Therefore, the Dm is assumed to be 1.25 D50. For stratified bed
material the depth of scour can be determined by using the clear-water scour equation
sequentially with successive Dm of the bed material layers.
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Cross Sections used for Constraction Scour Computations

UPSTREAM SECTION 1983
Mad River, 151-273, Metric Plan: PROPOSED (New Survey), ConnDOT Q
RS = 1983 37.9m U/S I-84 WB Exit 24 On-Ramp from Harpers Ferry Rd.
L sl *ﬁ‘i *ﬂ(i *ﬁ( i
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1241 L ° T A _
2 egend
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CONTRACTED SECTION 1962
Mad River, 151-273, Metric Plan: PROPOSED (New Survey), ConnDOT Q
RS = 1962 U/S of -84 WB Exit 24 On-Ramp (06591) from Harpers Ferry Rd.
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UPSTREAM CHANNEL SECTION River Station Event:
HEC-RAS CROSS SECTION OUTPUT
Plan: PR_DOT Mad River Reach 1 RS: 1983 Profile: 100 Year
E.G. Elev (m) 114.44 Element Left OB Channel Right OB Total
Vel Head (m) 0.07 Wt. n-Val. 0.058 0.04 0.052
W.S. Elev (m) 114.37 Reach Len. (m) 12 10.3 8.5
Crit W.S. (m) 112.16 Flow Area (m2) 90.67 54.45 12.83
E.G. Slope (m/m) 0.000652 Area (m2) 131.35 54.45 12.83 198.63
Q Total (m3/s) 176.98 Flow (m3/s) 90.72 77.14 9.1
Top Width (m) 72.5 Top Width (m) 48.69 16 7.81
Vel Total (m/s) 1.12 Avg. Vel. (m/s) 1 1.42 0.71
Max Chl Dpth (m) 3.72 Hydr. Depth (m) 3.5 34 1.64 2.74 Flow dis.
Conv. Total (m3/s) 6929 Conv. (m3/s) 3551.9 3020.2 356.8 Left WS Sta. -60.72
Length Wtd. (m) 11.01 Wetted Per. (m) 26.56 16.47 8.38 Left Convy Sta. -33.9
Min Ch EI (m) 110.84 Shear (N/m2) 21.84 21.15 9.8 Left Main Channel -8
Alpha 1.13 Stream Power (N/m s) 2083.64 0 0 Right Main Channel 8
Frctn Loss (m) 0.01 Cum Volume (1000 m3) 11.62 69.31 4.35 Right Convy Sta. 15.65
C & E Loss (m) 0.02 Cum SA (1000 m2) 24.26 29.21 6.59 Right WS Sta.
L' (left) 25.9 L (left)
HEC-RAS FLOW DISTRIBUTION IN CROSS SECTION OUTPUT L' (Right) 7.65 L (Right)
W1 Q1, Qe Area Y1 \l
LEFT 90.71 131.34
Main 16 7717 54.42 3.40 1.42
Right 9.12 12.83
Plan: PR_DOT Mad-River Reach 1 RS: 1983 Profile: 100 Year
Po Left Sta Right Sta Flow Area W.P. Percent  Hydr Velocity
(m) (m) (m3/s) (m2) (m) Conv Depth(m)-m/s)
1LOB -60.72 -54.14 0 0.3 2.56 0 0.12 0
21L0B -54.14 -47.57 0 9.34 6.97 0 1.42 0
3 LOB -47.57 -41 0 14.62 6.58 0 2.22 0
4 LOB -41 -33.9 0 16.42 71 0 2.31 0
5L0B -33.9 -27.42 19.51 21.53 6.9 11.03 3.33 0.91
6 LOB -274 -20.95 24.52 24.07 6.47 13.86 3.72 1.02
7 LOB -20.95 -14.48 24.52 40 6.47 13.86 3.72 1.02
8 LOB -14.48 -8 22.16 20.99 6.71 12.52 3.24 1.06
9 Chan -8 -6.9 48 2.98 1.19 1.97 2.79 1.17
10 Chan -6.93 -5.87 4.69 3.55 1.18 2.65 3.32 1.32
11 Chan -5.87 -4.8 5.53 3.76 1.07 3.12 3.53 1.47
12 Chan -4.8 -3¢ 5. 3.76 1.07 3.12 3.53 1.47
13 Chan -3.73 -2.67 5.53 3.76 1.07 3.12 3.53 1.47
14 Chan -2.67 -1.6 5.53 76 1.07 3.12 3.53 1.47
15 Chan 6 -0.53 5.53 3.76 1.07 3.12 3.53 1.47
16 Chan -0.53 0.53 5.53 3.76 Q7 3.12 3.53 1.47
17 Chan 0.53 1.6 5.53 3.76 1.07 3.12 3.53 1.47
18 Chan 1.6 2.67 5.53 3.76 1.07 12 3.53 1.47
19 Chan 2.67 3.73 5.53 3.76 1.07 3.1 3.53 1.47
20 Chan 3.73 4.8 5.53 3.76 1.07 3.12 53 1.47
21 Chap 438 5.87 5.53 3.76 1.07 3.12 3. 1.47
22 2han 5.87 6.93 4.69 3.55 1.18 2.65 3.32 1.32
3 Chan 6.93 8 3.48 2.98 1.19 1.97 2.79 1.
24 ROB 8 11 7.27 {255 3.09 4.11 2.52 0.96
25 ROB 11 13.32 1.56 3.87 2.55 0.88 1.67 0.4
26 ROB 13.32 15.65 0.29 1.4 2.55 0.16 0.6 0.2
27 ROB 15.65 17.97 0 0.01 0.18 0 0.04 0.03
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49

manual
-56.69

15.81
48.69
7.81

Shear
(N/m2)

0.75

8.57
14.21
14.79
19.95
23.78
23.78
20.02
15.99
19.27
22.57
22.57
22.57
22.57
22.57
22.57
22.57
22.57
22.57
22.57
22.57
19.27
15.99

5.63

9769

3.52

0.21

Power
(N/m's)

o oo

0
18.08
24.23
24.23
21.14
18.67
25.48
33.16
33.16
33.16
33.16
33.16
33.16
33.16
33.16
33.16
33.16
33.16
25.48
18.67
15.05

3.9
0.72
00
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CONTRACTED CHANNEL SECTION

CROSS SECTION OUTPUT
Plan: PR_DOT Mad River

River Station 1962

Reach 1 RS: 1962 Profile: 100 Year

E.G. Elev (m) Element Left OB Channel Right OB Total
Vel Head (m) Wt. n-Val. 0.043
W.S. Elev (m) Reach Len. (m) 17.4 17.4 17.4
Crit W.S. (m) Flow Area (m2) 84.65
E.G. Slope (m/m) 0.002329 Area (m2) 84.65 84.65
Q Total (m3/s) Flow (m3/s) 176.98
Top Width (m) Top Width (m) 31.45
Vel Total (m/s) Avg. Vel. (m/s) 2.09
Max Chl Dpth (m) Hydr. Depth (m) 2.69 2.69 Flow dis. manual
Conv. Total (m3/s) Conv. (m3/s) 3667.5 Left WS Sta. -18.46
Length Wtd. (m) Wetted Per. (m) 33.02 Left Flood Sta. (data) -18.46
Min Ch EI (m) Shear (N/m2) 58.53 Left Main Channel -12.76
Alpha Stream Power (N/m s) 1385.59 0 0 Right Main Channel 7.76
Frctn Loss (m) Cum Volume (1000 m3) 9.82 68.03 4.23 Right Flood Sta. (data) 12.99
C & E Loss (m) Cum SA (1000 m2) 23.49 28.8 6.51 Right WS Sta. 12.99
L' (left) 5.7 L (left) 5.7
FLOW DISTRIBUTION IN CROSS SECTION OUTPUT L' (Right) 5.23 L (Right) 5.23
W1 Area Y1 Al
LEFT 11.16 8.09
Main 20.52 157.06 69.73 3.40 2.25
Right 8.73 6.84
Plan: PR_DOT Mad River Reach 1 RS: 1962 Profile: 100 Year
Pos Left Sta Right Sta Area W.P. Percent  Hydr Velocity Shear
(m) (m2) (m) Conv Depth(m) (m/s) (N/m2)
1 Chan -20.22 -18.36 0 0 0.11 0 0.02 0.04 0.5
2 Chan -18.36 -16.49 0.6 0.96 2.09 0.34 0.52 0.63 10.52
3 Chan -16.49 -14.63 3.21 2.7 2.08 1.82 1.45 1.19 29.55
4 Chan -14.63 -12.76 7.35 4.43 2.09 4.15 2.38 1.66 48.53
5 Chan -12.76 -10.9 12.25 5.85 1.94 6.92 3.14 2.09 68.8
6 Chan -10.9 -9.03 13.62 6.14 1.87 7.7 3.29 222 75.07
7 Chan -9.03 -7.17 14.3 6.32 1.87 8.08 3.39 2.26 77.28
8 Chan -7.17 -5.3 14.95 6.49 1.87 8.45 3.48 23 79.39
9 Chan -5.3 -3.44 15.09 6.53 1.87 8.53 3.5 2.31 79.89
10 Chan -3.44 -1.57 15.09 6.53 1.87 8.53 35 2.31 79.89
11 Chan -1.57 0.3 15.09 6.53 1.87 8.53 3.5 2.31 79.89
12 Chan 0.3 2.16 15.09 6.53 1.87 8.53 3.5 2.31 79.89
13 Chan 2.16 4.03 15.09 6.53 1.87 8.53 3.5 2.31 79.89
14 Chan 4.03 5.89 15.09 6.53 1.87 8.53 3.5 2.31 79.89
15 Chan 5.89 7.76 11.4 5.75 2.07 6.44 3.08 1.98 63.37
16 Chan 7.76 9.62 6.23 4.01 2.09 3.52 2.15 1.55 43.92
17 Chan 9.62 11.49 2.36 2.27 2.09 1.34 1.22 1.04 24.83
18 Chan 11.49 13.35 0.14 0.56 1.68 0.08 0.37 0.24 7.65
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49

Power
(N/m's)

0.02
6.58
35.21
80.49
144.03
166.55
174.84
182.84
184.77
184.77
184.77
184.77
184.77
184.77
125.59
68.16
25.87
1.85





PROJECT NO. | 151-273 BRIDGE NO. 06591 UNIT:[ Metric |
Ref. HEC-18., May 2001 (4th ed.)
SUMMARY
Contraction Scour Type: LIVE-BED Depth: 0.75 m Event: 500-YR
Local West Abut. #1 LEFT Eq.: Froehlich Depth: 0.68 m Event: 500-YR
Abutment East Abut. #2 RIGHT Eq.: Froehlich Depth: 0.47 m Event: 500-YR
CONTRACTION SCOUR
ve=Kuy”p™ Eq. 5.1
= 1.54 m/s Critacal velocity above which bed material of size D and smaller will be transported
Ku = 6.19 m (6.19 in Sl units; 11.17 in English units)
y= 3.32m Average depth of flow upstream of the bridge
D= 0.0084 m Particle size forVe , m (use Dsgp)
V1= 3.10 m/s The mean velocity of the flow in the main channel or overbank area upstream of the brige opening
Vc < V1 Thus, LIVE-BED CONTRACTION SCOUR

Live-Bed Contraction Scour
Y2/Y1 = (Q2/Q1) 7 (W1/W2)*

Ys=Y2-Yo m

= 0.75 m
Y1 = 3.32m
Y2 = 3.91m
Yo = 3.16 m
Q1= 269.01 m3/s
Q2= 268.40 m3/s
W1 = 35.39 m
W2 = 27.36 m
k1= 0.64

Exponent determined below

= 1.18

Average contraction scour depth

Average depth in the upstream main channel

Average depth in the contracted section

Existing depth in the contracted section before scour

Flow in the upstream channel transporting sediment

Flow in the contracted channel

Bottom width of the upstream main channel that is transporting bed material
Bottom width of the main channel in the contracted section less pier width

( Viw= 075 )

V*=  0.3239 =(To/p)"? or (gY1S1)" | shear velocity in the upstream section , m/s
w= 0.43 m/s Fall velocity of bed material based on the D, (Figure 5.8)
g= 9.81 m/s”2 Acceleration of gravity
S1= 0.002647 m/m Slope of energy gradeline of main channel
To= 104.94 Pa (N/m”*2) Shear stess on the bed
p= 1000 kg/m*3 Density of water
10 I
. Mode of Bed
1 V*w k1 Material
B U UGN 01| OO U -9 0 S Transport
0,001 Mostly contact
‘ E 0.50 0.59 bed material
E £ discharge
E_ - Some
P ol NPRSOSS! NS S B850 - (a) 05010 0.64 Suspe_nded bed
20 material
01 0.0001 discharge
Mostly
9 0 0.69 suspended bed
........... material
................ discharge
0.01 — 0.00001
0.001 0.m 0.1
, m/s
Figure 5.8. Fall velocity of sand-sized particles with specific gravity of 2.65 in metric units.
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Clear-Water Contraction Scour

y2= [ KQ p» Eq.5.4
DWW
ys= y2-yo m Eq. 5.5
= N/A m Average contraction scour depth  LIVE-BED controls. Ignore this procedure

y2 = 537 m Average equilibrium depth in the contracted section after contraction scour

yo = 3.16 m Average existing depth in the contracted section

Q= 269.01 m3/s Discharge through the bridge or on the set-back overbank area at the bridge associated with the width W

W= m Bottom width of the contracted section less pier widths

K,=  0.0250 (0.025 in Sl units; 0.0077 in English units)
Dm = m Diameter of the smallest nontransportable particle in the bed material (1.25 Ds0) in th contacted setion
Dso = 0.0084 m Median diameter of bed material

Because D50 is not the largest particle in the bed material, the scoured section can

be slightly armored. Therefore, the Dm is assumed to be 1.25 D50. For stratified bed
material the depth of scour can be determined by using the clear-water scour equation
sequentially with successive Dm of the bed material layers.
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Cross Sections used for Constraction Scour Computations

UPSTREAM SECTION

1962

Mad River, 151-273, Metric Plan: PROPOSED (New Survey), ConnDOT Q
RS = 1962 U/S of I-84 WB Exit 24 On-Ramp (06591) from Harpers Ferry Rd.
L Sl Sl !
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Mad River, 151-273, Metric Plan: PROPOSED (New Survey), ConnDOT Q
RS =1938.5 BR Proposed Bridge No. 06591
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UPSTREAM CHANNEL SECTION River Station 1962 Event:  |500-YR
HEC-RAS CROSS SECTION OUTPUT
Plan: PR_DOT Mad River Reach 1 RS: 1962 Profile: 500 Year

E.G. Elev (m) 115.4 Element Left OB Channel Right OB Total

Vel Head (m) 0.27 Wt. n-Val. 0.048

W.S. Elev (m) 115.13 Reach Len. (m) 17.4 17.4 17.4

Crit W.S. (m) 113.29 Flow Area (m2) 117.61

E.G. Slope (m/m) 0.002647 Area (m2) 117.61 117.61

Q Total (m3/s) 269.01 Flow (m3/s) 269.01

Top Width (m) 35.39 Top Width (m) 35.39

Vel Total (m/s) 2.29 Avg. Vel. (m/s) 2.29

Max Chl Dpth (m) 4.48 Hydr. Depth (m) 3.32 3.32 Flow dis. manual

Conv. Total (m3/s) 5229.1 Conv. (m3/s) 5229.1 Left WS Sta. -20.43

Length Wtd. (m) 17.4 Wetted Per. (m) 37.44 Left Flood Sta. (data) -20.43

Min Ch EI (m) 110.65 Shear (N/m2) 81.53 Left Main Channel -12.76

Alpha 1 Stream Power (N/m s) 1385.59 0 0 Right Main Channel 7.76

Frctn Loss (m) 0.05 Cum Volume (1000 m3) 34.27 88.5 12.37 Right Flood Sta. (data) 14.97

C & E Loss (m) 0.07 _Cum SA (1000 m2) 48.44 28.86 14.6 Right WS Sta. 14.97
L' (left) 7.67 L (left) 7.67

FLOW DISTRIBUTION IN CROSS SECTION OUTPUT L' (Right) 7.21 L (Right) 7.21

W1 Q1, Qe Area Y1 Al
LEFT 23.16 14.68
Main 20.52 227.5 89.97 4.38
Right 18.38 12.98

Plan: PR_DOT Mad Rive each 1 RS: 1962 Profile: 500 Year

Pos Left Sta Right Sta Flow Area W.P. Percent  Hydr elocity Shear Power

(m) (m3/s) (m2) (m) Conv h(m) (m/s) (N/m2)  (N/ms)
1 Chan -22.09 -20.22 0 0.01 0.23 0.05 0.06 1.18 0.07
2 Chan -18.36 0.32 1.06 0.57 0.3 13.2 4
3 Chan -16.49 1.17 1.5 1.13 34.85 39.3
4 Chan . 2.69 243 1.6 56.5 90.25
5 Chan -14.63 . 2.09 4.62 3.36 1.98 78.04 154.63
6 Chan -12.76 7.69 1.94 6.81 4.12 2.38 102.78  244.66
7 Chan -10.9 7.98 1.87 7.43 4.28 25 110.87  277.61
8 Chan -9.03 . 8.16 1.87 7.71 4.38 2.54 1134  288.22
9 Chan =717 . d 1.87 7.98 4.47 2.58 115.8  298.47
10 Chan 8.04 4.48 2.59 116.39  301.02
11 Chan 8.04 4.48 2.59 116.39  301.02
12 Chan 4.48 2.59 116.39  301.02
13 Chan 4.48 2.59 116.39  301.02
14 Chan 4.48 2.59 116.39  301.02
15 Chan 116.39  301.02

95.06  214.78
137.69
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CONTRACTED CHANNEL SECTION
CROSS SECTION OUTPUT
Plan: PR_DOT Mad River Reach 1 RS:1938.5 BRU Profile: 500 Year

River Station| 1938.5 BR U

E.G. Elev (m) 115.28 Element Left OB Channel Right OB Total
Vel Head (m) 0.49 Wt. n-Val. 0.04 0.04
W.S. Elev (m) 114.79 Reach Len. (m) 12.8 12.8 12.8
Crit W.S. (m) 113.64 Flow Area (m2) 86.58 0.72
E.G. Slope (m/m) 0.003608 Area (m2) 86.58 0.72 87.3
Q Total (m3/s) 269.01 Flow (m3/s) 268.4 0.61
Top Width (m) 28.27 Top Width (m) 27.36 0.91
Vel Total (m/s) 3.08 Avg. Vel. (m/s) 3.1 0.85
Max Chl Dpth (m) 4.26 Hydr. Depth (m) 3.16 0.79 3.09 Flow dis. manual
Conv. Total (m3/s) 4478.5 Conv. (m3/s) 4468.3 10.2 Left WS Sta. -14.52
Length Wtd. (m) 12.8 Wetted Per. (m) 29.19 1.7 Left Flood Sta. -14.5
Min Ch EI (m) 110.53 Shear (N/m2) 104.94 14.99 Left Main Channel -6.51
Alpha 1.01 Stream Power (N/m s) 658.33 0 0 Right Main Channel 8.37
Frctn Loss (m) 0.05 Cum Volume (1000 m3) 34.27 86.72 12.36 Right Flood Sta. 12.87 13.75
C & E Loss (m) 0.01 Cum SA (1000 m2) 48.44 28.32 14.59 Right WS Sta. 13.75
L' (left) 7.99 L (left) 8.01
FLOW DISTRIBUTION IN CROSS SECTION OUTPUT L' (Right) 5.38 L (Right) 5.38
W1 Q1, Qe Area Y1 \l
LEFT 21.71 10.62
Main 14.88 229.16 67.33 4.52 3.40
Right 18.16 9.3
Plan: PR_DOT M™ad River Reach 1 RS:1938.5 BRU Profile: 500 Year
Pos Left Sta Right Sta Flow Area W.P. Percent  Hydr Velocit Shear Power
(m) (m) (m3/s) (m2) (m) Conv Depth(m) (m/s (N/m2)  (N/ms)
1 Chan -15.44 -13.95 0.03 0.08 0.63 0.01 0.14 0.34 4.46 1.51
2 Chan -13.95 -12.46 0.92 0.97 1.66 0.34 0.65 0.94 20.71 19.49
3 Chan -12.46 -10.98 3.25 2.08 1.66 1.2 1.4 1.56 44.28 69.14
4 Chan -10.98 -9.49 6.62 3.19 1.66 46 2.14 2.08 67.85  140.81
5 Chan -9.49 -8 10.89 4.3 1.66 4.05 2.89 2.53 9142 23144
6 Chan -8 -6.51 15.96 5.41 66 5.93 3.63 295 11499  339.21
7 Chan -6. -5.02 21.46 6.28 1.55 7.98 4.22 342 14344 490.3
8 Chan -5.02 -3.53 22.42 6,34 1.49 8.34 4.26 3.53  150.81 532.99
9 Chan -3.53 -2.05 22.42 6.34 1.49 8.34 4.26 3.53  150.81 532.99
10 Chan -2.05 -0°56 22.4 6.34 1.49 8.34 4.26 3.53  150.81 532.99
11 Chan -0.56 0.93 42 6.34 1.49 8.34 4.26 3.53  150.81 532.99
12 Chan 0.93 242 2.42 6.34 1.49 8.34 4.26 3.53  150.81 532.99
13 Chan 242 3.9 224 6.34 1.49 8.34 4.26 3.53  150.81 532.99
14 Chan 3.91 5.4 22.42 6.34 1.49 8.34 4.26 3.53  150.81 532.99
15 Chan 54 6.89 20.3 6.5 1.6 7.54 4.13 3.3 136.24  449.95
16 Chan 6.89 8.37 14.5 5.1 1.67 5.39 3.44 2.84 108.39  307.39
17 Chan 8.37 9.86 9.59 3.99 67 3.56 2.68 24 84.57  203.24
18 Chan 9.86 11.35 5.52 2.87 1.6 2.05 1.92 1.93 60.74  117.07
19 Chan 11.35 12.84 2.41 1.74 1.67 0.9 1.17 1.38 36.91 51.04
20 ROB 12.84 12.93 0.07 0.07 0.09 0.02 0.79 0.92 28.03 25.75
21 ROB 12.93 13.02 0.07 0.07 0.09 0.02 0.79 0.92 28.03 25.75
22 ROB 13.02 13.11 0.07 0.07 0.09 0.02 029 0.92 28.03 25.75
23 ROB 13.11 13.2 0.07 0.07 0.09 0.02 0.79 0.92 28.03 25.75
24.ROB 13.2 13.3 0.07 0.07 0.09 0.02 0.79 8.92 28.03 25.75
5 ROB 13.3 13.39 0.07 0.07 0.09 0.02 0.79 0.9 28.03 25.75
26 ROB 13.39 13.48 0.07 0.07 0.09 0.02 0.79 0.92 28.03 25.75
27 ROB 13.48 13.57 0.07 0.07 0.09 0.02 0.79 0.92 28.03 25.75
28 ROB 13.57 13.66 0.07 0.07 0.09 0.02 0.79 0.92 28.03 5.75
29 ROB 13.66 13.75 0.01 0.07 0.88 0.01 0.79 0.2 2.89 058
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
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LIVE SCOUR AT ABUTMENTS

Froehlich's Live-Bed Abutment Scour Equation LEFT RIGHT
Ys/Ya = 2.27 K1 K2 (L'/Ya) " Fr"®" + 1= 2.94 211 Eq. 7.1
Amended Local Scour Equation
Ys/Ya = 2.27 K1 K2 (L'/Ya) ** Fr*®' + 0.05 = 1.99 116 e CT DOT DM Pg 9B-2
LEFT  RIGHT
Ys = 0.68 0.47 m Scour depth <== using Amended equation
K1 = 1.00 1.00 Coeffcient for abutment shape (see Table 7.1 and Figrue 7.6)
K2 = 0.91 0.96 (8/90)>™, Coefficient for angle of embankment to flow
0 = 45* 66 *For the part that interacts with the flow; The overall embankment angle is at 160;
0 < 90 degrees if embankment points downstream
0 > 90 degrees if embankment points upstream
(see Figure 7.5 for definition of 8)
L'= 0.94 1.62 m Length of active flow obstructed by the embankment
(see Figure 7.4 )

Ae = 0.32 0.65 m”2 Flow area of the approach cross section obstructed by the embankment
Fr= 0.44 0.12 Vel/(gYa)*0.5, Froude Number of approach flow upstream of the abutment
Ve = 0.81 0.25 m/s Qe/Ae
Qe = 0.26 0.16 m*3/s Flow obstructed by the abutment and approach embankment
Ya= 0.34 0.40 m Ae/L, Average depth of flow on the floodplain

L= 0.9425 1.62 m Length of embankment projected normal to the flow

Table 7.1, Abutment Shape Ceefiicients.

Description K,
Vertical-wall abutment 1.00
Weriical-wall abutment with wing walls 0.82
Spill-through abutment 0.55

AT
Section A - A' Section A - A' Section A - A'
(&) Spill Through (b)) Vertical Wall (c) Vertical Wall with

Flarsd Wingwalls

Figure 7.6, Abutment shape.
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S| | Hgual Cqnveyance Tubes

Figure 7.4. Determination of length of embankment blocking live flow for abutment
scour estimation.
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L 'I
Figure 7.5. Orientation of embankment angle, 6, to the flow.
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HIRE Live-Bed Abutment Scour Equation

LEFT RIGHT

Applicability check: Ly, = 0 0 Use HIRE Eq. only if L/Y ; > 25
YJY, =4 Fr®%® K,0.55 K,= N/A NA Eq. 7.1
LEFT  RIGHT
Ys = N/A N/A m Scour depth (N/A if LIY, < 25)
K1 = 1.00 1.00 Coeffcient for abutment shape (see Table 7.1 on RIGHT)
Kz = 0.91 0.96 (6/90)°", Coefficient for angle of embankment to flow
Y= 332  332m Depth of flow at the abutment on the overbank or in the main channel,
Fr= 0.44 0.12

Ve/(gYa)*0.5, Froude Number of approach flow upstream of the abutment

Bridge No. 06591
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Cross Sections Used for Local Abutment Scour Computations -
WEST ABUTMENT #1 (LEFT)

EAST ABUTMENT #2 (RIGHT)
1938.5 BRU

APPROACH SECTION

Mad River, 151-273, Metric Plan: PROPOSED (New Survey), ConnDOT Q

RS = 1962 U/S of -84 WB Exit 24 On-Ramp (06591) from Harpers Ferry Rd
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UPSTREAM APPROACH CHANNEL SECTION

CROSS SECTION OUTPUT

River Station 1962

Use the same data as in the contraction scour computation? [No

Event:

500-YR

Plan: PR_DOT Mad River Reach 1 RS: 1962 Profile: 500 Year
E.G. Elev (m) 115.4 Element Left OB Channel Right OB
Vel Head (m) 0.27 Wt. n-Val. 0.048
W.S. Elev (m) 115.13 Reach Len. (m) 17.4 17.4 17.4
Crit W.S. (m) 113.29 Flow Area (m2) 117.61
E.G. Slope (m/m) 0.002647 Area (m2) 117.61
Q Total (m3/s) 269.01 Flow (m3/s) 269.01
Top Width (m) 35.39 Top Width (m) 35.39
Vel Total (m/s) 2.29 Avg. Vel. (m/s) 2.29
Max Chl Dpth (m) 4.48 Hydr. Depth (m) 3.32
Conv. Total (m3/s) 5229.1 Conv. (m3/s) 5229.1
Length Wtd. (m) 17.4 Wetted Per. (m) 37.44
Min Ch EI (m) 110.65 Shear (N/m2) 81.53
Alpha 1 Stream Power (N/m s) 1385.59 0 0
Frctn Loss (m) 0.05 Cum Volume (1000 m3) 34.27 88.5 12.37
C & E Loss (m) 0.07 _Cum SA (1000 m2) 48.44 28.86 14.6
FLOW DISTRIBUTION IN CROSS SECTION OUTPUT
W1 Q1, Qe Area
LEFT 0 0.01
Main 33.57 268.88 116.97
Right 0.16 0.65
Plan: PR_DOT Mad River Reach 1 RS: 1962 Profile: 500 Year
Pos Left Sta Right Sta Flow Area W.P.
(m) (m) (m3/s) (m2) (m)
1 Chan -22.09 -20.22 0 0.01 0.23
2 Chan -20.22 -18.36 0.32 1.06 2.09
3 Chan -18.36 -16.49 3.16 2.8 2.09
4 Chan -16.49 -14.63 7.25 4.54 2.08
5 Chan -14.63 -12.76 12.43 6.27 2.09
6 Chan -12.76 -10.9 18.31 7.69 1.94
7 Chan -10.9 -9.03 19.98 7.98 1.87
8 Chan -9.03 =717 20.74 8.16 1.87
9 Chan -7.17 -5.3 21.47 8.33 1.87
10 Chan -5.3 -3.44 21.64 8.37 1.87
11 Chan -3.44 -1.57 21.64 8.37 1.87
12 Chan -1.57 0.3 21.64 8.37 1.87
13 Chan 0.3 2.16 21.64 8.37 1.87
14 Chan 2.16 4.03 21.64 8.37 1.87
15 Chan 4.03 5.89 21.64 8.37 1.87
16 Chan 5.89 7.76 17.16 7.59 2.07
17 Chan 7.76 9.62 11.07 5.85 2.09
18 Chan 9.62 11.49 5.92 4.1 2.09
19 Chan 11.49 13.35 1.23 2.37 2.09
20 Chan 13.35 15.22 0.16 0.65 1.8
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
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Total
117.61
3.32 Flow dis. manual
Left WS Sta. -20.43
Left Flood Sta. (data) -20.43
Left Main Channel -20.22
Right Main Channel 13.35
Right Flood Sta. |(data) 14.97
Right WS Sta. 14.97
L' (left) 0.21 L (left) 0.21
L' (Right) 1.62 L (Right) 1.62
Y1 V1
3.48 2.30
Percent  Hydr Velocity
Conv Depth(m) (m/s)
0 0.05 0.06 1.18
0.12 0.57 0.3 13.2
1.17 1.5 1.13 34.85
2.69 243 1.6 56.5
4.62 3.36 1.98 78.04
6.81 4.12 2.38 102.78
7.43 4.28 25 110.87
7.71 4.38 2.54 113.4
7.98 4.47 2.58 115.8
8.04 4.48 2.59 116.39
8.04 4.48 2.59 116.39
8.04 4.48 2.59 116.39
8.04 4.48 2.59 116.39
8.04 4.48 2.59 116.39
8.04 4.48 2.59 116.39
6.38 4.07 2.26 95.05
412 3.14 1.89 72.8
2.2 22 1.44 51.11
0.46 1.27 0.52 29.47
0.06 0.4 0.24 9.34

0.07

39.3
90.25
154.63
244.66
277.61
288.22
298.47
301.02
301.02
301.02
301.02
301.02
301.02
214.78
137.69
73.68
15.25
2.25
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BRIDGE SECTION

River Station| 1938.5 BR U

CROSS SECTION OUTPUT Use the same data as in the contraction scour computation?
Plan: PR_DOT Mad River Reach 1 RS:1938.5 BR U Profile: 500 Year
E.G. Elev (m) 115.28 Element Left OB Channel Right OB
Vel Head (m) 0.49 Wt. n-Val. 0.04 0.04
W.S. Elev (m) 114.79 Reach Len. (m) 12.8 12.8 12.8
Crit W.S. (m) 113.64 Flow Area (m2) 86.58 0.72
E.G. Slope (m/m) 0.003608 Area (m2) 86.58 0.72
Q Total (m3/s) 269.01 Flow (m3/s) 268.4 0.61
Top Width (m) 28.27 Top Width (m) 27.36 0.91
Vel Total (m/s) 3.08 Avg. Vel. (m/s) 3.1 0.85
Max Chl Dpth (m) 4.26 Hydr. Depth (m) 3.16 0.79
Conv. Total (m3/s) 4478.5 Conv. (m3/s) 4468.3 10.2
Length Wtd. (m) 12.8 Wetted Per. (m) 29.19 1.7
Min Ch EI (m) 110.53 Shear (N/m2) 104.94 14.99
Alpha 1.01 Stream Power (N/m s) 658.33 0 0
Frctn Loss (m) 0.05 Cum Volume (1000 m3) 34.27 86.72 12.36
C & E Loss (m) 0.01 Cum SA (1000 m2) 48.44 28.32 14.59
FLOW DISTRIBUTION IN CROSS SECTION OUTPUT
W1 Q1, Qe
LEFT 0.26  0.3225
Main 27.3275 268.77 86.9275
Right 0 0
Plan: PR_DOT Mad River Reach 1 RS: 1938.5 BR U Profile: 500 Year
Pos Left Sta Right Sta
(m) (m) (m3/s)
1 Chan -15.44 -13.95 0.0 0.08 0.63
2 Chan -13.95 -12.46 0.92 0.97 1.66
3 Chan -12.46 -10.98 3.25 2.08 1.66
4 Chan -10.98 -9.49 6.62 3.19 1.66
5 Chan -9.49 -8 10.89 4.3 1.66
6 Chan -8 -6.51 15.96 5.41 1.66
7 Chan -6.51 -5.02 21.46 6.28 1.55
8 Chan -5.02 -3.53 22.42 6.34 1.49
9 Chan -3.53 -2.05 22.42 6.34 1.49
10 Chan -2.05 -0.56 22.42 6.34 1.49
11 Chan -0.56 0.93 22.42 6.34 1.49
12 Chan 0.93 242 22.42 6.34 1.49
13 Chan 242 3.91 22.42 6.34 1.49
14 Chan 3.91 54 22.42 6.34 1.49
15 Chan 5.4 6.89 20.3 6.15 1.6
16 Chan 6.89 8.37 14.5 5.11 1.67
17 Chan 8.37 9.86 9.59 3.99 1.67
18 Chan 9.86 11.35 5.52 2.87 1.67
19 Chan 11.35 12.84 2.41 1.74 1.67
20 ROB 12.84 12.93 0.07 0.07 0.09
21 ROB 12.93 13.02 0.07 0.07 0.09
22 ROB 13.02 13.11 0.07 0.07 0.09
23 ROB 13.11 13.2 0.07 0.07 0.09
24 ROB 13.2 133 0.07 0.07 0.09
25 ROB 13.3 13.39 0.07 0.07 0.09
26 ROB 13.39 13.48 0.07 0.07 0.09
27 ROB 13.48 13.57 0.07 0.07 0.09
28 ROB 13.57 13.66 0.07 0.07 0.09
29 ROB 13.66 13.75 0.01 0.07 0.88
30
31
32
33
34
35
BRIDGE OUTPUT River Station
Plan: PR_DOT Mad River Reach 1 RS: 1938.5 Profile: 500 Year
E.G. US. (m) 115.4 Element Inside BR US Inside BR DS
W.S. US. (m) 115.13 E.G. Elev (m) 115.28 115.22
Q Total (m3/s) 269.01 W.S. Elev (m) 114.79 114.76
Q Bridge (m3/s) 269.01 Crit W.S. (m) 113.64 113.56
Q Weir (m3/s) Max Chl Dpth (m) 4.26 4.28
Weir Sta Lft (m) Vel Total (m/s) 3.08 3.03
Weir Sta Rgt (m) Flow Area (m2) 87.31 88.82
Weir Submerg Froude # Chl 0.56 0.55
Weir Max Depth (m) Specif Force (m3) 245.18 246.62
Min El Weir Flow (m) 120.7 Hydr Depth (m) 3.09 3.1
Min EI Prs (m) 119.5 W.P. Total (m) 30.9 30.45
Delta EG (m) 0.34 Conv. Total (m3/s) 4478.5 4533.6
Delta WS (m) 0.39 Top Width (m) 28.27 28.56
BR Open Area (m2) 203.36 Frctn Loss (m) 0.05 0.09
BR Open Vel (m/s) 3.08 C & E Loss (m) 0.01 0.08
Coef of Q Shear Total (N/m2) 99.98 100.73
Br Sel Method Energy only Power Total (N/m s) -15672.79 -1409.04

Bridge No. 06591

Total
87.3
3.09 Flow dis. manual
Left WS Sta. -14.52
Left Flood Sta. -14.52
Left Main Channel -13.5775
Right Main Channel 13.75
Right Flood Sta. 12.87 13.75
Right WS Sta. 13.75
L' (left) 0.9425 L (left) 0.9425
L' (Right) 0 L (Right) 0
Y1 V1
3.18 3.09
Percent  Hydr Velocity = Shear Power
Conv Depth(m) (m/s) (N/m2) (N/m s)
0.01 0.14 0.34 4.46 1.51
0.34 0.65 0.94 20.71 19.49
1.21 1.4 1.56 44.28 69.14
2.46 214 2.08 67.85 140.81
4.05 2.89 2.53 91.42 231.44
5.93 3.63 2.95 114.99 339.21
7.98 4.22 3.42 143.44 490.3
8.34 4.26 3.53 150.81 532.99
8.34 4.26 3.53 150.81 532.99
8.34 4.26 3.53 150.81 532.99
8.34 4.26 3.53 150.81 532.99
8.34 4.26 3.53 150.81 532.99
8.34 4.26 3.53 150.81 532.99
8.34 4.26 3.53 150.81 532.99
7.54 4.13 3.3 136.24  449.95
5.39 3.44 2.84 108.39 307.39
3.56 2.68 24 84.57 203.24
2.05 1.92 1.93 60.74 117.07
0.9 1.17 1.38 36.91 51.04
0.02 0.79 0.92 28.03 25.75
0.02 0.79 0.92 28.03 25.75
0.02 0.79 0.92 28.03 25.75
0.02 0.79 0.92 28.03 25.75
0.02 0.79 0.92 28.03 25.75
0.02 0.79 0.92 28.03 25.75
0.02 0.79 0.92 28.03 25.75
0.02 0.79 0.92 28.03 25.75
0.02 0.79 0.92 28.03 25.75
0.01 0.79 0.2 2.89 0.58
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BRIDGE SECTION River Station
CROSS SECTION OUTPUT Use the same data as in the contraction scour computation?
Plan: PR_DOT Mad River Reach 1 RS:1938.5 BR D Profile: 500 Year
E.G. Elev (m) 115.22 Element Left OB Channel Right OB Total
Vel Head (m) 0.47 Wt. n-Val. 0.04
W.S. Elev (m) 114.76 Reach Len. (m) 317 31.7 31.7
Crit W.S. (m) 113.56 Flow Area (m2) 88.82
E.G. Slope (m/m) 0.003521 Area (m2) 88.82 88.82
Q Total (m3/s) 269.01 Flow (m3/s) 269.01
Top Width (m) 28.56 Top Width (m) 28.56
Vel Total (m/s) 3.03 Avg. Vel. (m/s) 3.03
Max Chl Dpth (m) 4.28 Hydr. Depth (m) 3.1 3.11 Flow dis. manual
Conv. Total (m3/s) 4533.6 Conv. (m3/s) 4533.6 Left WS Sta. -13.57 -14.46
Length Wtd. (m) 31.7 Wetted Per. (m) 30.45 Left Flood Sta. -13.57
Min Ch El (m) 110.48 Shear (N/m2) 100.73 Left Main Channel -13.57
Alpha 1 Stream Power (N/m s) 2114.77 0 0 Right Main Channel 14.98
Frctn Loss (m) 0.09 Cum Volume (1000 m3) 34.27 85.6 12.36 Right Flood Sta. 14.98
C & E Loss (m) 0.08 Cum SA (1000 m2) 48.44 27.96 14.59 Right WS Sta. 15.08 14.98
L' (left) 0 L (left) 0.89
FLOW DISTRIBUTION IN CROSS SECTION OUTPUT L' (Right) 0 L (Right) 0
W1 Y1 V1
LEFT
Main 28.55 269.04 88.79 3.1 3.03
Right
Plan: PR_DOT Mad River Reach 1 RS: 1938.5 BRD Profile: 500 Year
Pos Left Sta Right Sta Percent  Hydr Velocity ~Shear
(m) Conv Depth(m) (m/s) (N/m2)
1 Chan -13.57 -121 1.3 1.22 1.65 0.49 0.83 1.08 25.54
2 Chan -12.1 -10.63 3.81 2.31 1.65 1.42 1.57 1.65 48.42
3 Chan -10.63 -9.16 7.27 3.4 1.65 2.7 2.31 213 71.31
4 Chan -9.16 -7.68 11.55 4.5 1.65 4.3 3.06 2.57 94.2
5 Chan -7.68 -6.21 16.6 5.59 1.65 6.17 3.8 2.97 117.08
6 Chan -6.21 -4.74 21.51 6.28 15 8 4.27 3.42 144.89
7 Chan -4.74 -3.27 21.83 6.29 1.47 8.11 4.28 3.47 147.68
8 Chan -3.27 -1.8 21.83 6.29 1.47 8.11 4.28 3.47 147.68
9 Chan -1.8 -0.33 21.83 6.29 1.47 8.11 4.28 3.47 147.68
10 Chan -0.33 1.14 21.83 6.29 1.47 8.11 4.28 3.47 147.68
11 Chan 1.14 2.61 21.83 6.29 1.47 8.11 4.28 3.47 147.68
12 Chan 2.61 4.09 21.83 6.29 1.47 8.11 4.28 3.47 147.68
13 Chan 4.09 5.56 21.83 6.29 1.47 8.11 4.28 3.47 147.68
14 Chan 5.56 7.03 19.32 6.03 1.59 7.18 4.1 3.2 131.04
15 Chan 7.03 8.5 14.08 5.03 1.62 5.23 3.42 2.8 107.2
16 Chan 8.5 9.8 9.35 3.71 1.4 3.48 2.86 2.52 91.41
17 Chan 9.8 111 6.17 2.93 1.45 2.29 2.26 21 69.76
18 Chan 1.1 124 3.52 2.09 1.45 1.31 1.61 1.68 49.8
19 Chan 12.4 13.7 1.5 1.25 1.45 0.56 0.97 1.19 29.84
20 Chan 13.7 15 0.24 0.42 1.44 0.09 0.32 0.57 9.93
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
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Power
(N/m's)

27.49
79.85
152.21
242.06
347.82
496.13
51217
51217
51217
51217
51217
51217
51217
419.64
300.29
230.27
146.75
83.68
35.64
5.7
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PROJECT NO. | 151-273 BRIDGE NO. 06591 UNIT:[ Metric |
Ref. HEC-18., May 2001 (4th ed.)

SUMMARY

[Contraction Scour [ Type: LIVE-BED [ Depth: 227 m | Event: 500-YR |

CONTRACTION SCOUR (RS 1+962)

ve=Kuy”™p"” Eq. 5.1
= 1.61 m/s Critacal velocity above which bed material of size D and smaller will be transported
Ku = 6.19 m (6.19 in Sl units; 11.17 in English units)
y= 441 m Average depth of flow upstream of the bridge
D= 0.0084 m Particle size forVc , m (use Dsgg)
V1= 2.53 m/s The mean velocity of the flow in the main channel or overbank area upstream of the brige opening
Ve < V1 Thus, LIVE-BED CONTRACTION SCOUR
Live-Bed Contraction Scour
Y2/Y1 = (Q2/Q1) ¥ (W1W2)*' = 1.1 Eq. 5.2
Ys=Y2-Yo m Eq. 5.3
= 227 m Average contraction scour depth
Y1 = 441 m Average depth in the upstream main channel
Y2 = 6.65 m Average depth in the contracted section
Yo = 4.38 m Existing depth in the contracted section before scour
Q1= 116.93 m3/s Flow in the upstream channel transporting sediment
Q2= 227.50 m3/s Flow in the contracted channel
W1 = 16.00 m Bottom width of the upstream main channel that is transporting bed material
W2 = 20.52 m Bottom width of the main channel in the contracted section less pier width
k1= 0.64 Exponent determined below ( Viw= 0.66 )
V= 0.2855 =(Tolp)"? or (gY1S1)" , shear velocity in the upstream section , m/s
W= 0.43 m/s Fall velocity of bed material based on the D5, (Figure 5.8)
g= 9.81 m/s*2 Acceleration of gravity
S1=0.00063 m/m Slope of energy gradeline of main channel
To= 81.53 Pa (N/m”2) Shear stess on the bed
p= 1000 kg/m"3 Density of water
10 3 0.01
] Mode of Bed
i ; V/w k1 Material
] e 7 ¢ Transport
; : P Mostly contact
<0.50 0.59 bed material
E £ discharge
E_ ........ - Some
“n 0.50to suspended bed
............... (m) 20 0684 mat%rial
01 0.0001 discharge
Mostly
- suspended bed
2.0 069 mal?arial
ﬂl discharge
001 ; T l et 0.00001
0.00 0.01 0.1
®, m/s

Figure 5.8. Fall velocity of sand-sized particles with specific gravity of 2.65 in metric units.

Bridge No. 06591 Appendix B





Clear-Water Contraction Scour

y2= [ K@
Dm213 WZ
ys= Yy2-yo m
= N/Am
y2 = 6.87 m
yo = 438 m
Q= 269.01 m3/s
W= 2052m
K,= 0.0250
Dm=' 00105m
Dso = 0.0084 m

s Eq. 5.4

[e—

Average contraction scour depth  LIVE-BED controls. Ignore this procedure

Average equilibrium depth in the contracted section after contraction scour

Average existing depth in the contracted section

Discharge through the bridge or on the set-back overbank area at the bridge associated with the width W
Bottom width of the contracted section less pier widths

(0.025 in Sl units; 0.0077 in English units)

Diameter of the smallest nontransportable particle in the bed material (1.25 D50) in th contacted setion
Median diameter of bed material

Because D50 is not the largest particle in the bed material, the scoured section can

be slightly armored. Therefore, the Dm is assumed to be 1.25 D50. For stratified bed
material the depth of scour can be determined by using the clear-water scour equation
sequentially with successive Dm of the bed material layers.
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Cross Sections used for Constraction Scour Computations
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UPSTREAM CHANNEL SECTION River Station Event:
HEC-RAS CROSS SECTION OUTPUT
Plan: PR_DOT Mad River Reach 1 RS: 1983 Profile: 500 Year
E.G. Elev (m) Element Left OB Channel Right OB Total
Vel Head (m) Wt. n-Val. 0.058 0.04 0.052
W.S. Elev (m) Reach Len. (m) 12 10.3 8.5
Crit W.S. (m) Flow Area (m2) 116.84 70.61 23.46
E.G. Slope (m/m) 0.00063 Area (m2) 201.27 70.61 23.46 295.34
Q Total (m3/s) Flow (m3/s) 136.31 116.93 15.78
Top Width (m) Top Width (m) 80.95 16 18.59
Vel Total (m/s) Avg. Vel. (m/s) 1.17 1.66 0.67
Max Chl Dpth (m) Hydr. Depth (m) 4.51 4.41 1.26 2.56 Flow dis. manual
Conv. Total (m3/s) 10717.8 Conv. (m3/s) 5430.6 4658.5 628.7 Left WS Sta. -60.72 -88.95
Length Wtd. (m) Wetted Per. (m) 26.56 16.47 19.31 Left Convy Sta. -33.9
Min Ch EI (m) Shear (N/m2) 27.18 26.48 7.51 Left Main Channel -8
Alpha Stream Power (N/m s) 2083.64 0 0 Right Main Channel 8
Frctn Loss (m) Cum Volume (1000 m3) 37.18 90.2 12.6 Right Convy Sta. 15.65
C & E Loss (m) Cum SA (1000 m2) 49.74 29.29 14.8 Right WS Sta. 26.59
L' (left) 25.9 L (left) 80.95
HEC-RAS FLOW DISTRIBUTION IN CROSS SECTION OUTPUT L' (Right) 7.65 L (Right) 18.59
W1 Q1, Qe Area Y1 \l
LEFT 136.3 201.26
Main 16 116.9 70.6 4.41 1.65
Right 15.77 23.46
Plan: PR_DOT “\lad River Reach 1 RS: 1983 Profile: 500 Year
Pos Left Sta Right Sta Flow Area W.P. Percent  Hydr Velocity _8hear
(m) (m) (m3/s) (m2) (m) Conv Depth(m) (m/s) (N/m2)
1LOB -93.58 -87 0 0.45 2 0 0.23 0 1.39
21L0B -87 -80.43 0 3.43 6.57 0 0.5 0 3.22
3 LOB -80.43 -73.86 0 BI95 6.57 0 0.6 0 3.71
4 LOB -73.86 -67.29 0 4.66 6.57 0 0.71 0 4.38
5L0B -67.29 -60.72 0 4.88 6.57 0 0.74 0 4.59
6 LOB -60.72 -54.14 0 6.22 6.6 0 0.95 0 5.82
7 LOB -54.14 -47.57 0 15.98 6.97 0 243 0 14.16
8 LOB 47.57 -41 0 21.26 6,58 0 3.24 0 19.96
9 LOB 41 -33.9 0 23.6 71 0 3.32 0 20.52
10 LOB -33.9 -27.42 29.86 28.08 6.9 11.1 4.34 1.06 25.12
11 LOB -27.42 -20.95 36 3061 6.47 13.38 4.73 1.18 29.21
12 LOB -20.95 ~44.48 36 0.61 6.47 13.38 4.73 1.18 29.21
13 LOB -14.48 8 34.44 27.53 6.71 12.8 4.25 1.25 25.36
14 Chan -8 -6.93 73 4.06 1.19 213 3.8 1.41 21.02
15 Chan -6.93 -5.87 7.18 4.62 1.18 2.67 4.33 1.55 24.27
16 Chan -5.87 -4.8 8.28 4.84 1.07 3.08 4.54 1.71 28.04
17 Chan -4.8 -3.73 8.28 4.84 1.07 3.08 4.54 1.71 28.04
18 Chan -3.73 .67 8.28 4.84 1.07 3.08 4.54 1.71 28.04
19 Chan -2.67 -1.6 8.28 84 1.07 3.08 4.54 1.71 28.04
20 Chan -1.6 -0.53 8.28 4.84 1.07 3.08 4.54 1.71 28.04
21 Chan -0, 0.53 8.28 4.84 1.07 3.08 4.54 1.71 28.04
22 Chan 0.53 1.6 8.28 4.84 19 3.08 4.54 1.71 28.04
23 Chan 1.6 2.67 8.28 4.84 1.07 3.08 4.54 1.71 28.04
24 Chan 2.67 3.73 8.28 4.84 1.07 .08 4.54 1.71 28.04
25 Chan 3.73 4.8 8.28 4.84 1.07 3.08 4.54 1.71 28.04
26 Chan 4.8 5.87 8.28 4.84 1.07 3.08 4.54 1.71 28.04
27 Chan 5.87 6.93 7.18 4.62 1.18 2.67 33 1.55 24.27
28 Chan 6.93 8 5.73 4.06 1.19 2.13 3.8 1.41 21.02
29 ROB 8 11 11.09 10.58 3.09 4.12 3.53 1.05 21.16
30 R@B 11 13.32 2.99 6.22 2.55 1.1 2.68 043 15.04
ROB 13.32 15.65 1.29 3.75 2.55 0.48 1.61 0.34 9.07
32 ROB 15.65 17.97 0.26 1.41 2.48 0.1 0.61 0.18 .52
33 ROB 17.97 20.29 0.08 0.7 2.32 0.03 0.3 0.12 1.8
34 ROB 20.29 22.61 0.04 0.48 2.32 0.02 0.21 0.09 1.28
35 ROB 22.61 24.94 0.02 0.26 2.32 0.01 0.11 0.06 0.7
36 ROB 24.94 27.26 0 0.06 1.66 0 0.03 0.03 0.21
37
38
39
40
41
42
43
44
45
46
47
48
49

50

Power
(N/m's)

[eNeNeNoNoNoNoNol

o

26.72
34.35
34.35
31.72
29.69
37.71
47.96
47.96
47.96
47.96
47.96
47.96
47.96
47.96
47.96
47.96
47.96
37.71
29.69
22.17
7.24
3.12
0.64
0.22
0.12
8.04
0.0
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CONTRACTED CHANNEL SECTION

CROSS SECTION OUTPUT
Plan: PR_DOT Mad River

River Station 1962

Reach 1 RS: 1962 Profile: 500 Year

E.G. Elev (m) Element Left OB Channel Right OB Total
Vel Head (m) Wt. n-Val. 0.048
W.S. Elev (m) Reach Len. (m) 17.4 17.4 17.4
Crit W.S. (m) Flow Area (m2) 117.61
E.G. Slope (m/m) 0.002647 Area (m2) 117.61 117.61
Q Total (m3/s) Flow (m3/s) 269.01
Top Width (m) Top Width (m) 35.39
Vel Total (m/s) Avg. Vel. (m/s) 2.29
Max Chl Dpth (m) Hydr. Depth (m) 3.32 3.32 Flow dis. manual
Conv. Total (m3/s) Conv. (m3/s) 5229.1 Left WS Sta. -20.43
Length Wtd. (m) Wetted Per. (m) 37.44 Left Flood Sta. (data) -20.43
Min Ch EI (m) Shear (N/m2) 81.53 Left Main Channel -12.76
Alpha Stream Power (N/m s) 1385.59 0 0 Right Main Channel 7.76
Frctn Loss (m) Cum Volume (1000 m3) 34.27 88.5 12.37 Right Flood Sta. (data) 14.97
C & E Loss (m) Cum SA (1000 m2) 48.44 28.86 14.6 Right WS Sta. 14.97
L' (left) 7.67 L (left) 7.67
FLOW DISTRIBUTION IN CROSS SECTION OUTPUT L' (Right) 7.21 L (Right) 7.21
W1 Q1, Qe Area Y1 \l
LEFT 23.16 14.68
Main 20.52 227.5 89.97 4.38 2.53
Right 18.38 12.98
Plan: PR_DOT Mad River Reach 1 RS: 1962 Profile: 500 Year
Pos Left Sta Right Sta Flow Area Percent  Hydr Velocity Shear
(m) (m3/s) (m2) Conv Depth(m) (m/s) (N/m2)
1 Chan -22.09 -20.22 0.01 0.23 0 0.05 0.06 1.18
2 Chan -20.22 -18.36 0.32 1.06 2.09 0.12 0.57 0.3 13.2
3 Chan -18.36 -16.49 3.16 2.8 2.09 1.17 1.5 1.13 34.85
4 Chan -16.49 -14.63 7.25 4.54 2.08 2.69 243 1.6 56.5
5 Chan -14.63 -12.76 12.43 6.27 2.09 4.62 3.36 1.98 78.04
6 Chan -12.76 -10.9 18.31 7.69 1.94 6.81 4.12 238  102.78
7 Chan -10.9 -9.03 19.98 7.98 1.87 7.43 4.28 25 110.87
8 Chan -9.03 -7.17 20.74 8.16 1.87 7.71 4.38 2.54 113.4
9 Chan =717 -5.3 21.47 8.33 1.87 7.98 4.47 2.58 115.8
10 Chan -5.3 -3.44 21.64 8.37 1.87 8.04 4.48 259  116.39
11 Chan -3.44 -1.57 21.64 8.37 1.87 8.04 4.48 259  116.39
12 Chan -1.57 0.3 21.64 8.37 1.87 8.04 4.48 259  116.39
13 Chan 0.3 2.16 21.64 8.37 1.87 8.04 4.48 259  116.39
14 Chan 2.16 4.03 21.64 8.37 1.87 8.04 4.48 259  116.39
15 Chan 4.03 5.89 21.64 8.37 1.87 8.04 4.48 259  116.39
16 Chan 5.89 7.76 17.16 7.59 2.07 6.38 4.07 2.26 95.05
17 Chan 7.76 9.62 11.07 5.85 2.09 4.12 3.14 1.89 72.8
18 Chan 9.62 11.49 5.92 4.11 2.09 22 22 1.44 51.11
19 Chan 11.49 13.35 1.23 2.37 2.09 0.46 1.27 0.52 29.47
20 Chan 13.35 15.22 0.16 0.65 1.8 0.06 0.4 0.24 9.34
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49

Power
(N/m's)

0.07

4

39.3
90.25
154.63
244.66
277.61
288.22
298.47
301.02
301.02
301.02
301.02
301.02
301.02
214.78
137.69
73.68
15.25
2.25
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Mad River, Waterbury, CT
Proposed Bridge No. 06591
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Reconstruction 1-84, Waterbury, CT
ConnDOT Project 151-273

Final Scour Report, Pedestrian Bridge
May 2014

Executive Summary

This Scour Report has been prepared for the final design of a pedestrian bridge crossing over the
Mad River, that is located approximately 27 meters (90 ft) upstream (along the river centerline)
of the proposed 1-84 Bridge No. 01224. This crossing is one of six (6) waterway crossings over
the river to be constructed under the State Project No. 151-273, improvements to Interstate 84 in
Waterbury from Washington Avenue east to Pierpont Road. The subject 4.3-kilometer (2.7 mile)
long highway project has been designed by Ammann & Whitney (formerly Berger, Lehman
Associates, P.C. — BLA).

The new pedestrian bridge is necessary due to the realignment and widening of the Interstate 84
that requires the construction of the proposed Bridge No. 01224. As the upstream end of the
proposed 1-84 bridge falls where an existing pedestrian crossing is located, a new pedestrian
bridge will be constructed 28 meters (92 ft) upstream of its present location.

The proposed superstructure will be a prefabricated, steel truss bridge founded on cast-in-place
concrete abutments supported by spread footings. It will have a clear span length of 20.6 meters
(68 ft; measured between the abutment faces) with an inside lane width of 3 meters (10 ft) and
overall width of approximately 3.5 meters (11.5 ft). The crossing will be a part of a pedestrian
walkway that leads to the downstream side of the 1-84 Bridge to Hamilton Park.

This report finds that the proposed bridge will experience the greatest potential scour during the
flow condition at which the bridge begins to overtop, which is 19-year discharge. The footing of
the proposed structure will be placed such that its bottom will not be exposed to the maximum
calculated scour.

Table 1. NBIS Ratings and Scour Related Design Information

Recommended NBIS Item 113 Rating 8
Recommended NBIS Item 71 Rating 7
Recommended NBIS Item 61 Rating 8
Scour Risk Designation Low Risk

Depth of Potential Scour
(Controlling Event: 19-year, Overtopping)

1.29 m (Abutment #1 — West);
2.34 m (Abutment #2 — East)

Foundation Type

Spread footings

Recommendations

Bottom of Footing Placed Below Predicted
Scour; Riprap Bank Protection






Reconstruction 1-84, Waterbury, CT
ConnDOT Project 151-273

Final Scour Report, Pedestrian Bridge
May 2014

Reference Reports

The following reports, prepared under separate covers for the project, should be referenced for
more detailed information pertinent to the hydrology and hydraulics for the subject reach of the
Mad River and the hydraulic design of the pedestrian bridge crossing.

e Overview Report for Hydraulic Design, CT DEP Flood Management Certification &
FEMA Conditional Letter Of Map Revision (CLOMR), Mad River & Beaver Pond Brook,
Waterbury, Connecticut prepared by ConnDOT, July 2006.

e Hydrologic Report, Mad River prepared by BLA, September 1999

e Hydraulic Analysis for Design Report, Mad River prepared by ConnDOT, revised April
2014,

e Final River Relocation Report, Mad River & Beaver Pond Brook prepared by BLA,
January 2004 and revised by ConnDOT, April 2006.

e Mad River Floodplain/Floodway Analysis Report for FEMA CLOMR & CTDEP Flood
Management Certification prepared by ConnDOT, revised April 2014.

Project Overview

The information presented in this report are mostly derived from the hydraulic analyses
performed using the DOT "Design" discharges as presented in the Hydraulic Analysis for Design
Report, Mad River prepared by ConnDOT, revised April 2014. For complete hydrologic
information refer to Hydrologic Report, Mad River prepared by BLA (Ammann & Whitney),
September 1999. The summarized hydrologic information is shown in the table below.

Table 2. Hydrologic Information

Watershed Area: 62.26 km” (24.04 mi“)- Large Structure
Discharges: 19-Yr: 90.66 cms (3,200 cfs) < Overtopping
50-Yr: 137.34 cms (4,850 cfs) € Highest Flow Velocity
100-Yr: 176.98 cms (6,250 cfs)
500-Yr: 269.01 cms (9,500 cfs)

See the Overview Report referenced above for an overview of the project, the existing and the
proposed project conditions.
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Report Background

This scour report with the accompanying final hydraulic report have been prepared as part of the
final design for a pedestrian bridge crossing over the Mad River, that is located approximately 27
meters upstream (along the river centerline) of the proposed 1-84 Bridge No. 01224. Due to the
new 1-84 bridge which is proposed to accommodate realignment and widening of the Interstate,
the new pedestrian bridge will be constructed 28 meters (92 ft) upstream of its present location.

Scour depths have been estimated following procedures set forth by the Federal Highway
Administration in Hydraulic Engineering Circular No. 18 (HEC-18), Estimating Scour at
Bridges, May 2001. As recommended on page 9.B-2 of the 2000 ConnDOT Drainage Manual,
the following Amended Local Abutment Scour Equation was utilized:

Yo/Ya=1[2.27 Ky Ko (L'7Y5)"* Fr®® +0.05 (ConnDOT)

This equation predicts scour depths for the 50™ percentile as compared to the more conservative
HEC-18 version of Froehlich's equation (equation 7.1, page 7.8), which would have
encompassed 98% of the laboratory produced scour holes from the original study. The HEC-18
version of Froehlich’s equation is as follows:

Yo/Ya=[2.27 Ky Ky (LY ) P Fro® + 1 (HEC-18)

A comparison of the two local abutment equations shows that ConnDOT’s version will predict
scour depths 0.95Y, less than proposed by HEC-18. Y, is the average depth of floodplain flow
at the upstream approach cross section.

When overtopping condition exist or the water surface rises above the low chord, the hydraulic
condition through the bridge changes, and can potentially increase the scour depth. Therefore, in
addition to the typical contraction and local abutment scour assessment, a different scour
component that can be generated by the pressure flow condition was also investigated. Due to
limited studies on pressure flow scour, as stated in HEC-18, the equations mainly developed for
pier scour analysis were utilized. As these equations pertain to flow-depth differential caused by
the superstructure of a bridge, and not associated with the geometry of a pier, the usage in this
case is deemed adequate.

The discharges used in this investigation have been approved by ConnDOT and are presented in
the September 1999 Hydrologic Report, Mad River, Waterbury, Connecticut prepared by BLA.
The discharges reported in the original 1979 and currently effective 2013 Waterbury Flood
Insurance Study are 25-30% lower than those approved by ConnDOT.

The hydraulic analysis completed for this investigation utilized HEC-RAS version 4.1.0
assuming mixed flow conditions. A CD containing the HEC-RAS data files is included in the
referenced Hydraulic Analysis for Design Report, Mad River.





Proposed Bridge

The superstructure of the proposed pedestrian bridge will be a prefabricated, steel truss structure
founded on cast-in-place concrete abutments supported by spread footings. It will have a clear
span length of 20.6 meters (67.6 feet, measured between the abutment faces) with an inside lane
width of 3 meters (10 feet) and overall width of approximately 3.5 meters (11.5 ft). The crossing
will be a part of the pedestrian walkway that will follow the easterly bank of the Mad River
under the new 1-84 Bridge No. 01224 to Hamilton Park. The existing walkway currently crosses
under 1-84 via the existing 3-m (10-ft) wide concrete box tunnel. This tunnel will be abandoned
under this project.

Similar to the existing pedestrian bridge, the elevation of the new bridge deck will be relatively
low to minimize both the need for high approach embankments and fill in the floodplain. The
bridge will convey the 10-year flow with approximately 0.15 meter (0.5 ft) of underclearance.
According to the hydraulic analysis, the overtopping flood will have an estimated recurrence
interval of 19 years. The 100-year flood elevation will be approximately one meter (3 ft) above
the bridge approaches.

As the new pedestrian bridge will be constructed where no structure currently exists, it signifies
placing more physical constriction to the flow at this location. Nonetheless, the hydraulic
analysis indicates that the resulting water surface elevations will be actually lower than the
existing condition. For the 100-year discharge it will be lowered by approximately 0.11 m (0.36
ft) at the upstream and 0.22 m (0.72 ft) at the downstream faces of the bridge, and by 0.28 meter
(0.92 ft) at the further downstream Section 1227. This is because of the differing downstream
conditions. Downstream of new pedestrian bridge, the new westerly 1-84 Bridge No. 01224 is
proposed in close proximity such that its upstream face will be placed where the existing
pedestrian bridge is located. The proposed 1-84 bridge will present less constriction than the
existing pedestrian bridge such that it generates a lower backwater toward the location of the
new pedestrian bridge. Moreover, the existing pedestrian bridge is affected by the backwater
from the existing 1-84 structure which is hydraulically inferior compared to the proposed 1-84
bridge due to the constriction caused by its piers. This causes greater rise over the existing
pedestrian bridge than the similarly configured proposed bridge. This is evident in the results of
the analysis which shows approximately 63 % of the 100-year flow going over the existing
bridge, whereas the weir flow will be approximately 44 % over the proposed bridge.

With the more flow conveyed by the bridge opening, the flow velocity through the opening will
be increased in the proposed condition. For the 100-year discharge, the proposed velocity will
be 2.39 m/s (7.8 ft/s), which is 0.98 m/s (3.2 ft/s) higher than through the existing bridge.
Among the studied discharges, the 50-year velocity was highest at 2.5 m/s (8.2 ft/s).

In order to minimize the bank erosion, the riprap will be placed around its abutments (see
Appendix A for the location and the detail of the riprap protection). The required size of this
riprap was evaluated based on Hydraulic Engineering Circular No. 11 (HEC-11) methodology.
These calculations indicate that Standard sized riprap will be adequate for not only the 100-year
design, but also the 19- (overtopping), 50- and 500-year flow conditions (see Appendix C).





Scour Potential Assessment and Results

Scour computations were completed for the 19-Year (overtopping), 50- (highest velocity through
the bridge opening), 100- (Design), and 500- (Check) frequency discharges. The computations
for other lower frequency discharges were not performed as the degree of contraction, velocity
and other flow variables were found relatively moderate compared to the conditions under the
above-specified frequency discharges. The scour assessment was performed primarily for the
area under the bridge to design substructure correspondingly.

The estimate of Dsy was based on a soil sample of existing bed material taken in the vicinity of
the proposed pedestrian bridge (see Figure 4).

Figure 4. Soil Sample (For estimating Dso for Scour Analysis)

Scour analysis Soil Sample #1, upstream of 1-84 Structure No. 01224, westerly riverbank, looking
downstream, 12/7/00

Long-term channel scour was assumed to be 0.3 meter (oone foot) to account for potential
streambed degradation due to relocating the Pedestrian Crossing to a "natural” cross section.
Significant degradation is not anticipated because the existing channel bottom is well protected
with boulders and cobbles and the proposed approach embankments will minimize the
obstruction of relieving floodplain flows.





As described previously, local abutment scour depths were computed using the amended
Froehlich's equation for Connecticut. Because of the significant overtopping conditions for the
proposed structure, a separate hydraulic model had to be developed using reduced discharges
representing only the portion that is conveyed through the bridge opening, in an effort to
disregard overtopping flows in the scour estimates. This model provided the relevant flow
variables upstream of the bridge such as effective length and depth of obstructed flow. The
results of the model and how they are applied in the analysis are illustrated in the plots included
with the computations in Appendix B.

Computed scour depths are tabulated as shown below:

Table 3. Summary of Computed Scour Depths

e Scour Depts ()
scour) _ Amended Pressure Amended
Long-Term | Contraction | Abutment Flow Total
Abutment 1(Westerly) 0.3 0.13 0.61 0.26 1.29
Abutment 2(Easterly) 0.3 0.13 1.66 0.26 2.34
50-Year
(controlling event for Scour Depths (m)
channel bank Amended Pressure Amended
protection design) Long-Term | Contraction | Abutment Flow Total
Abutment 1(Westerly) 0.3 0.14 0.48 0.05 0.96
Abutment 2(Easterly) 0.3 0.14 1.58 0.05 2.06
Scour Depths (m)
100-Year Amended Pressure Amended
Long-Term | Contraction | Abutment Flow Total
Abutment 1(Westerly) 0.3 0.03 0.46 0 0.79
Abutment 2(Easterly) 0.3 0.03 1.49 0 1.83
Scour Depths (m)
500-Year Amended Pressure Amended
Long-Term | Contraction | Abutment Flow Total
Abutment 1(Westerly) 0.3 0 0.42 0 0.72
Abutment 2(Easterly) 0.3 0 1.05 0 1.35

The foundation of the bridge is designed such that the estimated scour resulting from the above
flood events will not completely expose the footings.






Design Review for Scour and Conclusions

Footing
For spread footings on soil, page 2.3 of HEC-18 recommends:

e Placing the top of footing below the sum of long-term degradation and contraction scour
e Placing the bottom of footing below the total scour depth

The top of the footing has been located in accordance with this guideline for all the investigated
flow conditions. For both abutments, the top of the footing will be set at elevation 103.0 M. The
thickness of the footing will be one (1) meter (vertically).

"Superflood”
Page 2.4 of HEC-18 recommends that the foundation design should be checked for scour

conditions resulting from a "Superflood”. The design "should have a minimum factor of safety
of 1.0 (ultimate load) under the superflood conditions.” For this bridge the 500 year flood was
assumed to be the "Superflood”. The scour computations indicate that the 500 year flood will
not expose the bottom of either footing which satisfies HEC-18 recommendations. In fact,
during the 500-year discharge, approximately 67% of the flow will flow over the bridge rather
than through the bridge opening.

Revetment Design

Although the foundations have been designed to the computed total scour depth which is based
on the fine particle size of the existing streambed material, the design also incorporates riprap
slope protection to further protect the bridge. As indicated earlier, the design of the protection
was based on the method described in the HEC-11. The results are included in Appendix C.

The hydraulic analysis indicates that the flow velocity through the bridge opening is highest
(among the studied events) for the 50-year discharge. Since other flow variables necessary in the
HEC-11 calculations, such as flow area and width of flow, remain consistent for all the studied
discharges (flow area = bridge opening area; width of flow = bridge opening width), the analysis
for the worst case (highest velocity) only is deemed sufficient.  The result of the analysis
indicates that the proposed Standard Riprap is adequate.

Beneath the Standard Riprap, a 150 mm-thick Granular Fill layer on geotextile will be provided
to prevent loss of fines through the voids, as its requirement is demonstrated in the computations.
As indicated previously, the scour analysis was performed mainly for the area under the
proposed bridge. In overtopping flow conditions, however, erosion may occur along the
approach sections to the bridge or along the floodplains where the overflow will be constricted to
pass around the superstructure. Therefore, the coverage of the riprap protection was not limited
to the area under the bridge, but has been expanded around both ends of the bridge. The
coverage and typical details of the riprap protection are shown in Appendix A.

The channel stability analysis for other locations of the Mad River within the subject project
limits is included in the Final River Relocation Report, Mad River & Beaver Pond Brook.
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Figure 5. Scour Depth Cross Sections
Sheet 1 (19- & 50-Year Discharges)

Proposed Pedestrian Bridge Crossing, Section Along The Upstream Face, 1-84 Waterbury Project 151-273, Mad River
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Appendix A: Structure Plans & Details

(Note: The plans and details included in this report are
intended for information purposes only.  If there are
any discrepancies to the actual construction or “as-
built” plans, the information reflected on the
construction or “as-built” plans shall be construed
more accurate.)
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Appendix B: Scour Computations

Based on DOT Design Discharges

O

Summary Sheet

19-YR (Overtopping) Contraction Scour

19-YR (Overtopping) Abutment Scour

19-YR (Overtopping) Pressure Flow Scour

50-YR (Highest Flow Velocity) Contraction Scour
50-YR (Highest Flow Velocity) Abutment Scour
50-YR (Highest Flow Velocity Pressure Flow Scour
100-YR Contraction Scour

100-YR Abutment Scour

100-YR Pressure Flow Scour

500-YR Contraction Scour

500-YR Abutment Scour

500-YR Pressure Flow Scour

Soil Sample Analysis (Sample #1, bed material)





Final Design

Pedestrian Footbridge Over the Mad River
Computed Scour Depths using Froehlich's Abutment Scour Equation

For The Area Under The Bridge Only
July 2006 - Revised October 2013

Abutment #1- Westerly Abutment or Right Abutment Looking Upstream

Ave. Flow Scour Depth (m)
Depth Abutment Amended Pressure Amended
Flood Recurrence | Obstructed | Long-Term | Contraction | Equation | Abutment Flow Total
Control event-> Q19 (Overtoppping) 0.18 0.3 0.13 Froehlich 0.61 0.26 1.29
Qs 0.29 0.3 0.14 Froehlich 0.48 0.05 0.96
Q100 0.15 0.3 0.03 Froehlich 0.46 0.00 0.79
Qs00 0.16 0.3 0.00 Froehlich 0.42 0.00 0.72
Abutment #2- Easterly Abutment or Left Abutment Looking Upstream
Ave. Flow Scour Depth (m)
Depth Abutment | Amended Pressure Amended
Flood Recurrence | Obstructed | Long-Term | Contraction [ Equation | Abutment Flow Total
Control event-> Q19 (Overtoppping) 0.89 0.3 0.13 Froehlich 1.66 0.26 2.34
Qso 1.00 0.3 0.14 Froehlich 1.58 0.05 2.06
Q100 0.96 0.3 0.03 Froehlich 1.49 0.00 1.83
Qs00 0.88 0.3 0.00 Froehlich 1.05 0.00 1.35
Comparison of Footing Elevations to Computed Scour Depths
Elevation (m) Assumed Elevation of Scour at Abutment (m)
Ground Control Event (19-yr,ovt) 500-Year Discharge
Elevation at | Long-Term Long-Term
Top of Bottom of Base of + +
Abutment No. | Depth of Footing (m) [ Footing Footing Abutment | Contraction Total Contraction Total
1 (U/S) 1.0 103.0 102.0 105.90 105.47 104.61 105.60 105.18
2 1.0 103.0 102.0 105.40 104.97 103.06 105.10 104.05

Abutment No. 1

-Top of footing below the sum of long-term channel degradation and contraction scour depths for the scour critical discharge- Design OK

-Computed total scour depth for the "overtopping" discharge is above the bottom of the footing

-Computed total scour depth for the 50-year discharge is above the bottom of the footing

-Computed total scour depth for the 100-year discharge is above the bottom of the footing

-Computed total scour depth for the 500-year discharge is above the bottom of the footing

Abutment No. 2

-Top of footing below the sum of long-term channel degradation and contraction scour depths for the scour critical discharge- Design OK

-Computed total scour depth for the "overtopping" discharge is above the bottom of the footing

-Computed total scour depth for the 50-year discharge is above the bottom of the footing

-Computed total scour depth for the 100-year discharge is above the bottom of the footing

-Computed total scour depth for the 500 year discharge is above the bottom of the footing

Appendix B





PROJECT NO. |

151-273 BRIDGE NO.

unir:[etric |

Pedestrian Crossing

Ref. HEC-18., May 2001 (4th ed.)
(October 2013 Note: These equation are still valid in HEC-18, 5th ed.)

SUMMARY
Contraction Scour Type: LIVE-BED Depth: 0.13 m Event: 19-YR(OVT)
Local East Abut. #2 LEFT Eq.: Froehlich Depth: 1.66 m Event: 19-YR(OVT)
Abutment West Abut. #1 RIGHT Eq.: Froehlich Depth: 0.61 m Event: 19-YR(OVT)
CONTRACTION SCOUR
ve=Kuy”™p"”™ Eq. 5.1
= 2.05 m/s Critacal velocity above which bed material of size D and smaller will be transported
Ku = 6.19 m (6.19 in Sl units; 11.17 in English units)
y= 227 m Average depth of flow upstream of the bridge
D= 0.024 m Particle size forVc , m (use Dsgg)
V= 2.18 m/s The mean velocity of the flow in the main channel or overbank area upstream of the brige opening
Ve < Vv Thus, LIVE-BED CONTRACTION SCOUR

Live-Bed Contraction Scour

Y2/Y1 = (Q2/Q1) ¥ (W1W2)*' = 090 L. Eq. 5.2
Ys=Y2-Yo m Eq. 5.3
= 0.13 m Average contraction scour depth
Y1 = 227 m Average depth in the upstream main channel
Y2 = 2.04 m Average depth in the contracted section
Yo = 191 m Existing depth in the contracted section before scour
Q1= 82.89 m3/s Flow in the upstream channel transporting sediment
Q2= 85.93 m3/s Flow in the contracted channel
W1 = 16.34 m Bottom width of the upstream main channel that is transporting bed material
W2 = 20.60 m Bottom width of the main channel in the contracted section less pier width
k1= 0.59 Exponent determined below ( Viw= 040 )
V*= 0.2496 =(To/p)"? or (gY1S1)"? , shear velocity in the upstream section , m/s
W= 0.63 m/s Fall velocity of bed material based on the D5, (Figure 5.8)
g= 9.81 m/s*2 Acceleration of gravity

S1= 0.002803 m/m
To=

Slope of energy gradeline of main channel

60.41 Pa (N/m”2) Shear stess on the bed
1000 kg/m*3

p= Density of water

S

[

Mode of Bed
Matenal
Transport

V¥w

Maostly contact

0.001

o
@

bed material
discharge
Some
suspended bed
material

=]

D..m

................... 0.64

0.0001 discharge

Mostly
suspended bed
material
discharge

=20 0.69

0.00001

Figure 5.8. Fall

0.1
®, m/s

velocity of sand-sized particles with specific gravity of 2.65 in metric units.
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Clear-Water Contraction Scour

y2 = [ KQ Eq.5.4
Dm“~ W
ys= y2-yo m . Eq. 5.5
= N/A m Average contraction scour depth  LIVE-BED controls. Ignore this procedure

y2 = 191 m Average equilibrium depth in the contracted section after contraction scour

yo = 191 m Average existing depth in the contracted section

Q= 85.92 m3/s Discharge through the bridge or on the set-back overbank area at the bridge associated with the width W

W= 20.60 m Bottom width of the contracted section less pier widths

K,=  0.0250 (0.025 in Sl units; 0.0077 in English units)
Dm= 0.0300 m Diameter of the smallest nontransportable particle in the bed material (1.25 Ds0) in th contacted setion
Dso = 0.0240 m Median diameter of bed material

Because D50 is not the largest particle in the bed material, the scoured section can

be slightly armored. Therefore, the Dm is assumed to be 1.25 Ds50. For stratified bed
material the depth of scour can be determined by using the clear-water scour equation
sequentially with successive Dm of the bed material layers.
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Cross Sections used for Contraction Scour Computations
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UPSTREAM CHANNEL SECTION River Station Event.  [19-YR(OVT)
HEC-RAS CROSS SECTION OUTPUT
Plan: PR_DOT Mad River Reach 1 RS: 1309 Profile: 19 YR
E.G. Elev (m) 107.24 Element Left OB Channel Right OB Total
Vel Head (m) 0.23 Wt. n-Val. 0.08 0.04 0.08
W.S. Elev (m) 107 Reach Len. (m) 19 19 19
Crit W.S. (m) 106.24 Flow Area (m2) 10.49 37.04 2.73
E.G. Slope (m/m) 0.002803 Area (m2) 11.66 37.04 15.4 64.1
Q Total (m3/s) 90.66 Flow (m3/s) 6.75 82.88 1.03
Top Width (m) 60 Top Width (m) 22.28 16.34 21.39
Vel Total (m/s) 1.8 Avg. Vel. (m/s) 0.64 2.24 0.38
Max Chl Dpth (m) 2.88 Hydr. Depth (m) 0.97 2.27 0.44 1.07 Flow dis. manual
Conv. Total (m3/s) 1712.5 Conv. (m3/s) 127.4 1565.6 19.5 Left WS Sta. -19.62
Length Wtd. (m) 19 Wetted Per. (m) 10.96 16.85 6.3 Left Convy Sta. -15.73
Min Ch EI (m) 104.12 Shear (N/m2) 26.32 60.41 11.9 Left Main Channel -8.84
Alpha 1.42 Stream Power (N/m s) 5742.47 0 0 Right Main Channel 7.5
Frctn Loss (m) Cum Volume (1000 m3) 0.2 18.12 0.24 Right Convy Sta. 13.15 13.35
C & E Loss (m) Cum SA (1000 m2) 0.63 10.39 0.74 Right WS Sta. 13.66
L' (left) 6.89 L (left) 10.78
HEC-RAS FLOW DISTRIBUTION IN CROSS SECTION OUTPUT L' (Right) 5.85 L (Right) 6.16
W1 Q1, Qe Area Y1 \l
LEFT 6.75 10.5
Main 16.34 82.89 37.03 2.27 36.82
Right 2 17.94
Plan: PR_DOT Mad River Reach 1 RS: 1309 Profile: 19 YR
Pos Left Sta Right Sta Flow Area W.P. Percent  Hydr Velocity Shear
(m) (m) (m3/s) (m2) (m) Conv Depth(m) (m/s) (N/m2)
1LOB -43.17 -39.75 0 0.18 &3 0 0.05 0 1.5
2 L0OB -39.75 -36.32 0 0.53 3.43 0 0.15 0 4.23
3 LOB -36.32 -32.9 0 0.42 3.43 0 0.12 0 3.36
4 LOB -32.9 -29.47 0 0.04 1.34 0 0.03 0 0.72
5LOB -29.47 -26.05 0
6 LOB -26.05 -22.62 0
7 LOB -22.62 -19.18 0 0.04 0.47 0 0.08 0.11 21
8 LOB -19.18 -15.73 1.11 2.36 3.59 1.23 0.68 0.47 18.03
9 LOB -15.73 -12.29 2.91 4.13 3.45 3.21 1.2 0.7 32.9
10 LOB -12.29 -8.84 273 3.97 3.45 3.01 1.15 0.69 31.68
11 Chan -8.84 -7.21 3.59 2.3 1.71 3.96 1.41 1.56 37.01
12 Chan -7.21 -5.57 5.34 2.94 1.74 5.89 1.8 1.82 46.49
13 Chan -5.57 -3.94 8.91 3.98 1.71 9.83 243 2.24 63.77
14 Chan -3.94 -2.3 10.66 4.35 1.64 11.75 2.66 245 72.79
15 Chan -2.3 -0.67 11.92 4.65 1.64 13.15 2.85 2.56 77.91
16 Chan -0.67 0.96 11.9 4.65 1.64 13.12 2.84 2.56 77.91
17 Chan 0.96 2.6 10.86 4.4 1.64 11.98 2.69 247 73.67
18 Chan 2.6 4.23 9.21 4.01 1.67 10.16 2.46 23 66.12
19 Chan 4.23 5.87 6.65 3.33 1.71 7.34 2.04 2 53.63
20 Chan 5.87 75 3.85 242 1.74 4.24 1.48 1.59 38.1
21 ROB 7.5 11.73 1.01 2.54 4.36 1.1 0.6 0.4 15.99
22 ROB 11.73 15.97 0.02 0.19 1.94 0.03 0.1 0.12 2.67
23 ROB 15.97 22.14 0 3.29 5.66 0 0.6 0 16
24 ROB 22.14 28.3 0 7.46 6.19 0 1.21 0 33.15
25 ROB 28.3 34.47 0 1.92 3.69 0 0.54 0 14.27
26 ROB 7.5 10.32 0.87 2 2.93 0.96 0.71 0.44
27 ROB 10.32 13.15 0.1 0.54 2.85 0.11 0.19 0.19
28 ROB 13.15 15.97 0 0 0.2 0 0.01 0.03
29 ROB 15.97 18.61 0 0.02 0.58 0 0.03 0
30 ROB 18.61 21.26 0 0.48 2.65 0 0.18 0
31 ROB 21.26 23.9 0 0.88 2.64 0 0.33 0
32/ ROB 23.9 26.54 0 1.1 2.65 0 0.42 0
33 ROB 26.54 29.18 0 0.64 2.63 0 0.25 0
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49

53.63
1363.31
6.68

Power
(N/m's)





CONTRACTED CHANNEL SECTION
CROSS SECTION OUTPUT
Plan: PR_DOT Mad River
E.G. Elev (m)
Vel Head (m)
W.S. Elev (m)

107.24 Element

0.27 Wt. n-Val.

107 Reach Len. (m)
105.96

Crit W.S. (m)
E.G. Slope (m/m)
Q Total (m3/s)
Top Width (m)
Vel Total (m/s)
Max Chl Dpth (m)
Conv. Total (m3/s)
Length Wtd. (m)
Min Ch EI (m)
Alpha

Frctn Loss (m)

C & E Loss (m)

Flow Area (m2)

Area (m2)

Flow (m3/s)

Top Width (m)

Avg. Vel. (m/s)

Hydr. Depth (m)
Conv. (m3/s)

Wetted Per. (m)
Shear (N/m2)

Stream Power (N/m s)
Cum Volume (1000 m3)
Cum SA (1000 m2)

3.5

0.01
1.73
8.89
0.69
0.28

8.89
3816.83

0.09
0.34

Channel

River Station| 1288.5 BR U

Reach 1 RS: 1288.5 BRU Profile: 19 YR
Left OB

Right OB

3.5
39.41
39.41
85.92

2.18

43.07

17.39
10.23

3.5
4.61
0.82
2.95

14.64

0.64
1.29

3.58
0

0.08
0.39

FLOW DISTRIBUTION IN CROSS SECTION OUTPUT
W1
LEFT
Main
Right

20.6

Plan: PR_DOT Mad River

Pos

1 Chan
2 Chan
3 Chan
4 Chan
5 Chan
6 Chan
7 Chan
8 Chan
9 Chan
10 Chan

Reach 1 RS: 1288.5 BR U
Left Sta

(m)

-10.3
-8.84
-6.71
-4.59
-2.46
-0.33
1.79
3.92
6.05
8.17

Profile: 19 YR
Right Sta

-8.84
-6.71
-4.59
-2.46
-0.33
1.79
3.92
6.05
8.17
10.3

Q1, Qe

Flow
(m3/s)

Area

85.93

Area
(m2)

6.39
10.3
13.09
15.54
14.78
12.52
8.06
2.02
0.63

39.41

1.96

4.54
5.22
5.78
5.61
5.08
3.93
2.58
1.31

4.18
4.29
4.31
4.27
4.26
4.26
4.27
4.36
4.31
4.55

Total

40.24

1.71 Flow dis.
Left WS Sta.
Left Flood Sta.
Left Main Channel -10.3
Right Main Channel 10.3
Right Flood Sta.
Right WS Sta.
L' (left) 0 L (left)
L' (Right) 0 L (Right)
Y1 \l
1.91 2.18
Percent Velocity
Conv Depth(m) (m/s)
3.02 1.34 1.33
7.44 1.6 1.88
11.98 2.13 227
15.24 245 2.51
18.08 2.72 2.69
17.2 2.64 2.64
14.57 2.39 2.46
9.38 1.85 2.05
2.35 1.22 0.78
0.73 0.62 0.48

manual
-10.3
-10.3

10.3
10.3
0
0

Shear
(N/m2)

Power
(N/m's)
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LIVE SCOUR AT ABUTMENTS

Froehlich's Live-Bed Abutment Scour Equation LEFT RIGHT
Ys/Ya = 2.27 K1 K2 (L'/Ya) " Fr*® + 1= 2.68 .06 Eq. 7.1
Amended Local Scour Equation
Ys/Ya = 2.27 K1 K2 (L'/Ya) *** Fr®%' + 0.05 = 1.73 011 CT DOT DM Pg 9B-2
LEFT RIGHT
Ys = 1.66 0.61 m Scour depth <== using Amended equation
K1 = 0.82 0.55 Coeffcient for abutment shape (see Table 7.1 and Figrue 7.6)
K2 = 1.00 1.00 (6/90) %", Coefficient for angle of embankment to flow
6 = 90 90
0 < 90 degrees if embankment points downstream
0 > 90 degrees if embankment points upstream
(see Figure 7.5 for definition of 8)
L'= 7.06 3.06 m Length of active flow obstructed by the embankment
(see Figure 7.4)

Ae = 8.83 16.26 m”2 Flow area of the approach cross section obstructed by the embankment
Fr= 0.21 0.01 Vel/(gYa)*0.5, Froude Number of approach flow upstream of the abutment
Ve = 0.63 0.08 m/s Qe/Ae
Qe = 5.6034 1.3334 m"3/s Flow obstructed by the abutment and approach embankment
Ya= 0.96 532 m Ae/L, Average depth of flow on the floodplain

L= 9.241 3.0582 m Length of embankment projected normal to the flow

Table 7. 1. Abutment Shape Coefficients.
Description K,
Vertical-wall abutment 1.00
Vertical-wall abutment with wing walls 0.82
Spill-through abutment 0.55

Plan
|

Section A - A'

(&) Spill Through

(b) Vertical Wall (c) Vertical Wall with
Flarsd Wingwalls

Section A - A' Saction A - A

Figure 7.6, Abutment shape.

/4

L

7

| Right Embankment |

O~

4

|Ve| ocity

Ejual Cdnveyance Tubes

e

Figure 7.4. Determination of length of embankment blocking live flow for abutment

scour estimation.

Figure 7.5. Orientation of embankment angle, &, to the flow.
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HIRE Live-Bed Abutment Scour Equation
LEFT RIGHT

Applicability check: Ly, = 4 1 Use HIRE Eq. only if L/Y ; > 25
YJY, =4 Fr®% K055 K,= N/A NA Eq. 7.1
LEFT  RIGHT
Y= N/A N/A m Scour depth (N/A if L/Y, < 25)
K1 = 0.82 0.55 Coeffcient for abutment shape (see Table 7.1 on RIGHT)
Kz = 1.00 1.00 (8/90)°", Coefficient for angle of embankment to flow
Yi= 227  532m Depth of flow at the abutment on the overbank or in the main channel,
Fr= 0.21 0.01 Vel/(gYa)"0.5, Froude Number of approach flow upstream of the abutment
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Cross Sections Used for Local Abutment Scour Computations

APPROACH SECTION 1309

120+ )‘Oh‘kj‘r .08 + .04*’\‘;.08

118+

116

114+

1124

Elevation (m)

110+

108 L'

106+ A

104 T

Mad River, 151-273, Metric Plan: PROPOSED (New Suney), ConnDOT Q
RS =1309 U/S of Proposed Pedestrian Bridge

*’\‘*.04*’\‘*.06*’\‘*.04*’\‘.0*.04%‘;.08*’{

Legend

WS 19 YR
——
0.0 m/s
———
0.5m/s
—
1.0 m/s
| E—
1.5 m/s

—
2.0m/s

2.5m/s

3.0 m/s
I,
Ground
Ineff
°
Bank Sta

-60 -40 -20 0 20

Statiorf (m)

40 60 80

BRIDGE SECTION 1288.5 BRU

Fi.OS*’\‘.OZ’
114+

.04*’\‘.08

112+

110+

108+

Elevation (m)

.0. > .08

Mad River, 151-2f3, Metric Plan: PROPOSED (New Survey), ConnDOT Q
RS =1288.5 BR Pipposed Pedestrian Bridge

Sk

2

Legend

WS 19 YR
——
0.0 m/s
———
0.5m/s
—]
1.0 m/s
[
1.5m/s

2.0m/s
—
2.5m/s

3.0 m/s
e
Ground

Ineff

°
Bank Sta

106

100 1.66.m

102 T

0.61m

T
-60 -40 -20 0 20

Station (m)

40 60 80

* This drawing is intended to provide a basic, rough visualization of the scour depth.
See Figure 5 for a more accurate depiction of combined total scour
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UPSTREAM APPROACH CHANNEL SECTION
CROSS SECTION OUTPUT
Plan: PR_DOT Mad River

19-YR(OVT)
except channel stations

River Station 1309 Event:

Use the same data as in the contraction scour computation? |Yes
Reach 1 RS: 1309 Profile: 19 YR

E.G. Elev (m) 107.24 Element Left OB Channel Right OB Total
Vel Head (m) 0.23 Wt. n-Val. 0.08 0.04 0.08
W.S. Elev (m) 107 Reach Len. (m) 19 19 19
Crit W.S. (m) 106.24 Flow Area (m2) 10.49 37.04 273
E.G. Slope (m/m) 0.002803 Area (m2) 11.66 37.04 15.4 64.1
Q Total (m3/s) 90.66 Flow (m3/s) 6.75 82.88 1.03
Top Width (m) 60 Top Width (m) 22.28 16.34 21.39
Vel Total (m/s) 1.8 Avg. Vel. (m/s) 0.64 2.24 0.38
Max Chl Dpth (m) 2.88 Hydr. Depth (m) 0.97 2.27 0.44 1.07 Flow dis. manual
Conv. Total (m3/s) 1712.5 Conv. (m3/s) 127.4 1565.6 19.5 Left WS Sta. -19.53
Length Wtd. (m) 19 Wetted Per. (m) 10.96 16.85 6.3 Left Flood Sta. -15.73 -17.35
Min Ch EI (m) 104.12 Shear (N/m2) 26.32 60.41 11.9 Left Abutmnt Sta. -10.29
Alpha 1.42 Stream Power (N/m s) 5742.47 0 0 Right Abutmnt Sta. 10.29
Frctn Loss (m) Cum Volume (1000 m3) 0.2 18.12 0.24 Right Flood Sta. 11.73 13.35
C & E Loss (m) Cum SA (1000 m2) 0.63 10.39 0.74 Right WS Sta. 13.35
L' (left) 7.06 L (left) 9.241
FLOW DISTRIBUTION IN CROSS SECTION OUTPUT L' (Right)  3.0582 L (Right)  3.0582
W1 Q1, Qe Area Y1 V1
LEFT 5.603  8.8326
Main 20.5808 84.703 40.3738 1.96 2.10
Right 1.3334 16.2636
Plan: PR_DOT Mad River Reach 1 RS: 1309 Profile: 19 YR
Pos Left Sta Right Sta Flow Area W.P. Percent  Hydr Velocity  Shear
(m) (m) (m3/s) (m2) (m) Conv Depth(m) (m/s) (N/m2)
1 LOB -43.17 -39.75 0 0.18 3.31 0 0.05 0 1.5
2 L0B -39.75 -36.32 0 0.53 3.43 0 0.15 0 4.23
3 LOB -36.32 -32.9 0 0.42 3.43 0 0.12 0 3.36
4 LOB -32.9 -29.47 0 0.04 1.34 0 0.03 0 0.72
5 LOB -29.47 -26.05 0
6 LOB -26.05 -22.62 0
7 LOB -22.62 -19.18 0 0.04 0.47 0 0.08 0.11 21
8 LOB -19.18 -15.73 1.11 2.36 3.59 1.23 0.68 0.47 18.03
9 LOB -15.73 -12.29 2.91 4.13 3.45 3.21 1.2 0.7 32.9
10 LOB -12.29 -8.84 2.73 3.97 3.45 3.01 1.15 0.69 31.68
11 Chan -8.84 -7.21 3.59 23 1.71 3.96 1.41 1.56 37.01
12 Chan -7.21 -5.57 5.34 2.94 1.74 5.89 1.8 1.82 46.49
13 Chan -5.57 -3.94 8.91 3.98 1.71 9.83 243 2.24 63.77
14 Chan -3.94 -2.3 10.66 4.35 1.64 11.75 2.66 245 72.79
15 Chan -2.3 -0.67 11.92 4.65 1.64 13.15 2.85 2.56 77.91
16 Chan -0.67 0.96 11.9 4.65 1.64 13.12 2.84 2.56 77.91
17 Chan 0.96 2.6 10.86 4.4 1.64 11.98 2.69 247 73.67
18 Chan 2.6 4.23 9.21 4.01 1.67 10.16 2.46 23 66.12
19 Chan 4.23 5.87 6.65 3.33 1.71 7.34 2.04 2 53.63
20 Chan 5.87 75 3.85 242 1.74 4.24 1.48 1.59 38.1
21 ROB 7.5 11.73 1.01 2.54 4.36 1.11 0.6 0.4 15.99
22 ROB 11.73 15.97 0.02 0.19 1.94 0.03 0.1 0.12 2.67
23 ROB 15.97 2214 0 3.29 5.66 0 0.6 0 16
24 ROB 22.14 28.3 0 7.46 6.19 0 1.21 0 33.15
25 ROB 28.3 34.47 0 1.92 3.69 0 0.54 0 14.27
26 ROB 7.5 10.32 0.87 2 2.93 0.96 0.71 0.44
27 ROB 10.32 13.15 0.1 0.54 2.85 0.11 0.19 0.19
28 ROB 13.15 15.97 0 0 0.2 0 0.01 0.03
29 ROB 15.97 18.61 0 0.02 0.58 0 0.03 0
30 ROB 18.61 21.26 0 0.48 2.65 0 0.18 0
31 ROB 21.26 23.9 0 0.88 2.64 0 0.33 0
32 ROB 23.9 26.54 0 1.1 2.65 0 0.42 0
33 ROB 26.54 29.18 0 0.64 2.63 0 0.25 0
34
35
36
37
38 Left Right
39 Computed L' = Qg/Qype = 7.06763 5.56
40 Q. 5.60 1.33
41 Viube: 0.69 0.4
42 Yiube: 1.15 0.6
43 Qtube: 0.7935 0.24
44
45
46
47
48
49






BRIDGE SECTION
CROSS SECTION OUTPUT
Plan: PR_DOT Mad River

River Station| 1288.5 BR U
Use the same data as in the contraction scour computation?
Reach 1 RS: 1288.5 BRU Profile: 19 YR

E.G. Elev (m) 107.24 Element Left OB Channel Right OB Total
Vel Head (m) 0.27 Wt. n-Val.
W.S. Elev (m) 107 Reach Len. (m) 3.5 3.5 3.5
Crit W.S. (m) 105.96 Flow Area (m2) 25 39.41 4.61
E.G. Slope (m/m) Area (m2) 0.01 39.41 0.82 40.24
Q Total (m3/s) 90.66 Flow (m3/s) 1.73 85.92 2.95
Top Width (m) 23.53 Top Width (m) 8.89 14.64
Vel Total (m/s) 1.95 Avg. Vel. (m/s) 0.69 2.18 0.64
Max Chl Dpth (m) 3.04 Hydr. Depth (m) 0.28 1.29 1.71 Flow dis. manual
Conv. Total (m3/s) Conv. (m3/s) Left WS Sta. -10.3
Length Wtd. (m) 3.5 Wetted Per. (m) 8.89 43.07 3.58 Left Flood Sta. -10.3
Min Ch EI (m) 103.96 Shear (N/m2) Left Abutmnt Sta. -10.3
Alpha 1 Stream Power (N/m s) 3816.83 0 0 Right Abutmnt Sta. 10.3
Frctn Loss (m) Cum Volume (1000 m3) 0.09 17.39 0.08 Right Flood Sta. 10.3
C & E Loss (m) Cum SA (1000 m2) 0.34 10.23 0.39 Right WS Sta. 10.3
L' (left) 0 L (left) 0
FLOW DISTRIBUTION IN CROSS SECTION OUTPUT L' (Right) 0 L (Right) 0
W1 Q1, Qe Area Y1 V1
LEFT
Main 20.6 85.93 39.41 1.91 2.18
Right
Plan: PR_DOT Mad River Reach 1 RS: 1288.5 BRU Profile: 19 YR
Pos Left Sta Right Sta Flow Area W.P. Percent  Hydr Velocity ~ Shear
(m) (m) (m3/s) (m2) (m) Conv Depth(m) (m/s) (N/m2)
1 Chan -10.3 -8.84 26 1.96 4.18 3.02 1.34 1.33 0
2 Chan -8.84 -6.71 6.39 34 4.29 7.44 1.6 1.88 0
3 Chan -6.71 -4.59 10.3 4.54 4.31 11.98 213 227 0
4 Chan -4.59 -2.46 13.09 5.22 4.27 15.24 2.45 2.51 0
5 Chan -2.46 -0.33 15.54 5.78 4.26 18.08 2.72 2.69 0
6 Chan -0.33 1.79 14.78 5.61 4.26 17.2 2.64 2.64 0
7 Chan 1.79 3.92 12.52 5.08 4.27 14.57 2.39 2.46 0
8 Chan 3.92 6.05 8.06 3.93 4.36 9.38 1.85 2.05 0
9 Chan 6.05 8.17 2.02 2.58 4.31 2.35 1.22 0.78 0
10 Chan 8.17 10.3 0.63 1.31 4.55 0.73 0.62 0.48 0
11
12
13
14
15
16
17
18
19
20
BRIDGE OUTPUT River Station Low Chord Elev.| 10654
Mean Channelbed Elev. 104.63
Plan: PR_DOT Mad River Reach 1 RS: 1288.5 Profile: 19 YR Bridge Opening Width 20.6
E.G. US. (m) 107.24 Element Inside BR US Inside BR DS
W.S. US. (m) 107 E.G. Elev (m) 107.24 107.23 1eight of Vertical Exposed Face of Abutment|  0.75]
Q Total (m3/s) 90.66 W.S. Elev (m) 107 107 Approx. Side Slope of channel below bridge 4 :1 (hwv)
Q Bridge (m3/s) 85.92 Crit W.S. (m) 105.96 105.96 Approx. channel bottpm width 6.40
Q Weir (m3/s) 4.74 Max Chl Dpth (m) 3.04 3.04 Hydraulic depth to mean bed elevation 2.52
Weir Sta Lft (m) -22.03 Vel Total (m/s) 1.95 1.98
Weir Sta Rgt (m) 36.5 Flow Area (m2) 46.52 45.84 Hydraulic depth 1.91
Weir Submerg 0 Froude # Chl 0.42 0.42
Weir Max Depth (m) 0.29 Specif Force (m3) 771 771
Min El Weir Flow (m) 106.97 Hydr Depth (m) 3.73 2.76
Min El Prs (m) 106.74 W.P. Total (m) 55.54 59.67
Delta EG (m) 0.39 Conv. Total (m3/s)
Delta WS (m) 0.33 Top Width (m) 23.53 16.6
BR Open Area (m2) 39.41 Frctn Loss (m)
BR Open Vel (m/s) 2.18 C & E Loss (m)
Coef of Q Shear Total (N/m2)
Br Sel Method Press/Weir  Power Total (N/m s) -1599.12 -1549.33

Power
(N/m's)
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PRESSURE FLOW SCOUR

Live-Bed Vertical Contraction Scour

Ys/Y{= -5.08 + 1.27 (Y, /H,) + 444 (H,/Y;) + 019 (V,/V.) = 026 m .. Eq. 6.21
(Arneson's Eq.)
Y= 0.61 m Depth of vertical contraction scour relative to mean bed elevation
Y, = 237 m Depth of flow immediately upstream of the bridge (hydraulic depth at upstream face)
Hp = 191 m Distance from the low chord of the bridge to the average elevation of the stream bed before scour
V, = 1.97 m/s Average velocity of the flow through the bridge opening before scour occurs
V.= 2.05 m/s Critical velocity of the D5, of the bed material in the bridge opening
Dso = (Design) m if different from the value used in the Contraction Scour computation
¥,

Vi

Figure &, 14, Definition sketch of vertical contfraction scour resulting from pressure flow,

Clear-Water Contraction Scour

Hp + Yo/Y, = 11021 [(1-w/Y,) V,/V 1% = 1.00m HEC-18 (1995), App. B
(Umbrell)
Y= 0.00 m Depth of vertical scour LIVE-BED controls. Ignore this procedure
Y,= 237 m Depth of flow immediately upstream of the bridge (approch depth)
Hp = 1.91 m Depth from the low chord of the bridge to original river bed
V,= 1.8 m/s Approach Velocity
V. = 2.05 m/s Velocity under the bridge deck. ( V, is equal to the incipient motion velocity)
w = 0.03 m Depth of overflow

IIK]

+ _w .
4 J]
i'!#Jtddﬁ#{t&dﬂd&#&#f#f#&fgf«w ]
X ]
V, v # r'ﬁ
— r
¥y y
c
ﬁ.
H,
v L
- . -
S ="
bl y 5 - -
s ~ - -

Appendix B. Overtopping Q





PROJECT NO. |

151-273 BRIDGE NO.

onim: Metic |

Pedestrian Crossing

Ref. HEC-18., May 2001 (4th ed.)
(October 2013 Note: These equation are still valid in HEC-18, 5th ed.)

SUMMARY
Contraction Scour Type: LIVE-BED Depth: 0.14 m Event: 50-YR
Local East Abut. #2 LEFT Eq.: Froehlich Depth: 1.58 m Event: 50-YR
Abutment West Abut. #1 RIGHT Eq.: Froehlich Depth: 0.48 m Event: 50-YR
CONTRACTION SCOUR
ve=Kuy"p™ Eq. 5.1
= 2.03 m/s Critacal velocity above which bed material of size D and smaller will be transported
Ku = 6.19 m (6.19 in Sl units; 11.17 in English units)
y= 218 m Average depth of flow upstream of the bridge
D= 0.024 m Particle size forVe , m (use Dsgp)
V= 2.50 m/s The mean velocity of the flow in the main channel or overbank area upstream of the brige opening
Vc < \ Thus, LIVE-BED CONTRACTION SCOUR

Live-Bed Contraction Scour

Y2/Y1 = (Q2/Q1) ¥ (W1/W2)“ = 094 . Eq. 5.2
Ys=Y2-Yo m Eq. 5.3
= 0.14 m Average contraction scour depth
Y1= 218 m Average depth in the upstream main channel
Y2 = 2.05m Average depth in the contracted section
Yo = 191 m Existing depth in the contracted section before scour
Q1= 90.35 m3/s Flow in the upstream channel transporting sediment
Q2= 98.49 m3/s Flow in the contracted channel
W1 = 16.34 m Bottom width of the upstream main channel that is transporting bed material
W2 = 20.60 m Bottom width of the main channel in the contracted section less pier width
k1= 0.59 Exponent determined below ( Viw= 042 )
V*=  0.2674 =(Tolp)"? or (gY1S1)" | shear velocity in the upstream section , m/s
w= 0.63 m/s Fall velocity of bed material based on the Dy, (Figure 5.8)
g= 9.81 m/s”2 Acceleration of gravity

S1= 0.002715 m/m
To=

Slope of energy gradeline of main channel

71.51 Pa (N/m”2) Shear stess on the bed
1000 kg/m”3

p= Density of water

S

[

— 0.01

Mode of Bed
Matenal
Transport

V¥w k1

Maostly contact

— 0.001

o
@

bed material
discharge
Some
suspended bed
material
discharge

=]

D..m

0.64

— 0.0001

Mostly
suspended bed
material
discharge

=20 0.69

0.00001

0.1
®, m/s

Figure 5.8. Fall velocity of sand-sized particles with specific gravity of 2.65 in metric units.
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Clear-Water Contraction Scour

y2 = [ KQ Eq.5.4
Dm“~ W
ys= y2-yo m Eq. 5.5
= N/A m Average contraction scour depth  LIVE-BED controls. Ignore this procedure

y2 = 214 m Average equilibrium depth in the contracted section after contraction scour

yo = 191 m Average existing depth in the contracted section

Q= 98.47 m3/s Discharge through the bridge or on the set-back overbank area at the bridge associated with the width W

W= 20.60 m Bottom width of the contracted section less pier widths

K,=  0.0250 (0.025 in Sl units; 0.0077 in English units)
Dm= 0.0300 m Diameter of the smallest nontransportable particle in the bed material (1.25 Ds0) in th contacted setion
Dso=  0.0240 m Median diameter of bed material

Because D50 is not the largest particle in the bed material, the scoured section can

be slightly armored. Therefore, the Dm is assumed to be 1.25 Ds50. For stratified bed
material the depth of scour can be determined by using the clear-water scour equation
sequentially with successive Dm of the bed material layers.
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Cross Sections used for Contraction Scour Computations

UPSTREAM SECTION 1309
Mad River, 151-273, Metric Plan: PROPOSED (New Survey), ConnDOT Q 6/18/2014
U/S of Proposed Pedestrian Bridge
le Se
. .08 .04 .08 .04 .06 .04 . .04 .08
st bt or—f o oo oo ook
4 2 Legend
] WS 50 Year
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L‘vl/e_w_ﬁrld_Igrld_g_e_o_p:eﬂrlg_fl_o_vv_s_ _a For Q = 98.47 (portion that passes through the bridge opening) |
1%+ ——— 77—
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Station (m)
CONTRACTED SECTION 1288.5 BR U
Mad River, 151-273, Metric Plan: PROPOSED (New Survey), ConnDOT Q 6/18/2014
Proposed Pedestrian Bridge
le e J
.08 . .04 . .02 .08
N + :
1 2 8 Legend
A WS 50 Year
——
1 0.5m/s
112+ =
] 1.0 m/s
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*This drawing is intended to provide a basic, rough visualization of the scour depth. See Figure 5 for a more accurate depiction.
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UPSTREAM CHANNEL SECTION
CROSS SECTION OUTPUT  Use the same data as in the contraction scour computatio]No

Plan: PR_DOT Mad River Reach 1 RS: 1309 Profile: 50 Year

River Station 1309

Event:

50-YR

except channel stations

E.G. Elev (m) 107.8 Element Left OB Channel Right OB Total
Vel Head (m) 0.27 Wt. n-Val. 0.08 0.04 0.06
W.S. Elev (m) 107.5 Reach Len. (m) 19 19 19
Crit W.S. (m) 106.68 Flow Area (m2) 27.42 45.26 14.87
E.G. Slope (m/m)  0.002715 Area (m2) 27.42 45.26 28.54 101.22
Q Total (m3/s) 137.34 Flow (m3/s) 14.36 113.91 9.07
Top Width (m) 90.46 Top Width (m) 37.95 16.34 36.17
Vel Total (m/s) 1.57 Avg. Vel. (m/s) 0.52 2.52 0.61
Max Chl Dpth (m’ 3.38 Hydr. Depth (m) 0.73 2.77 0.57 1.12 Flow dis. manual
Conv. Total (m3/¢ 2635.7 Conv. (m3/s) 275.5 2186.1 1741 Left WS Sta. (data) -46.79
Length Wtd. (m) 19 Wetted Per. (m) 38.04 16.85 26.48 Left Flood Sta. -19.18
Min Ch EI (m) 104.12 Shear (N/m2) 19.19 71.51 14.95 Left Main Channel -8.84
Alpha 2.16 Stream Power (N/m s) 5742.47 0 0 Right Main Channel 7.5
Frctn Loss (m) Cum Volume (1000 m& 1.12 24.51 0.85 Right Flood Sta. 11.73
C & E Loss (m) Cum SA (1000 m2) 5.75 11.5 1.58 Right WS Sta. 33.46
L' (left) 10.53 L (left) 10.53
FLOW DISTRIBUTION IN CROSS SECTION OUTPUT L' (Right) 5.24 L (Right) 5.24
W1 Q1, Qe Area ) Y1 V1
LEFT 14.34 274
Main 16.34 113.91 45.26 2.18 2.52
Right 9.07 14.87
Plan: PR_DOT Mad River Reach 1 RS: 1309 Profile: 50 Year
Pos Left Sta Right Sta Flow Area W.P.  Percent Hydr Velocity Shear
(m) (m) (m3/s) (m2) (m) Conv Depth(m) (m/s) (N/m2)
1LOB -49.79 -46.6 0 0 0.19 0 0.01 0 0.34
21L0B -46.6 -43.17 0.23 1.02 347 0.17 0.3 0.23 7.86
3LOB -43.17 -39.75 0.66 19 343 0.48 0.56 0.35 14.78
4 LOB -39.75 -36.32 0.87 225 343 0.63 0.66 0.39 17.48
5LOB -36.32 -32.9 0.8 214 343 0.58 0.63 0.37 16.63
6 LOB -32.9 -29.47 0.52 166 343 0.38 0.48 0.32 12.9
7 LOB -29.47 -26.05 0.28 115 343 0.21 0.34 0.25 8.92
8 LOB -26.05 -22.62 0.1 0.61 3.43 0.07 0.18 0.16 4.74
9 LOB -22.62 -19.18 0.23 1.02 3.51 0.17 0.3 0.23 7.77
10 LOB -19.18 -15.73 2.28 4.09 359 1.66 1.19 0.56 30.3
11 LOB -15.73 -12.29 4.28 586 3.5 3.1 1.7 0.73 45.24
12 LOB -12.29 -8.84 4.09 57 3.45 2.98 1.66 0.72 44.08
13 Chan -8.84 -7.21 5.94 312 171 4.32 1.91 1.9 48.64
14 Chan -7.21 -5.57 8.01 376 1.74 5.83 23 213 57.62
15 Chan -5.57 -3.94 12.12 48 1.7 8.82 2.94 2.53 74.55
16 Chan -3.94 -2.3 14.14 518 1.64 10.29 3.17 273 83.83
17 Chan -2.3 -0.67 15.54 548 1.64 11.32 3.35 2.84 88.81
18 Chan -0.67 0.96 15.52 547 1.64 1.3 3.35 2.84 88.83
19 Chan 0.96 2.6 14.36 522 1.64 10.46 3.2 2.75 84.69
20 Chan 2.6 4.23 12.5 484 167 9.1 2.96 2.58 7717
21 Chan 4.23 5.87 9.55 415 1.71 6.96 2.54 2.3 64.77
22 Chan 5.87 75 6.23 324 174 4.53 1.98 1.92 49.45
23 ROB 7.5 11.73 3.06 467 4.36 2.23 1.1 0.66 28.49
24 ROB 11.73 15.97 0.94 228 425 0.69 0.54 0.41 14.27
25 ROB 15.97 22.14 1.67 2.92 6.3 1.22 0.47 0.57 12.36
26 ROB 22.14 28.3 2.23 292 6.19 1.62 0.47 0.76 12.58
27 ROB 28.3 34.47 1.17 2.08 5.39 0.85 0.4 0.56 10.28
28 ROB 34.47 38.34 0
29 ROB 38.34 43.4 0 0.05 2.57 0 0.02 0 0.48
30 ROB 43.4 48.47 0 0.31 5.07 0 0.06 0 1.62
31 ROB 48.47 53.53 0 0.19 259 0 0.08 0 2
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49

Power
(N/m's)

0

1.78
5.12
6.77
6.23
4.08
2.21
0.77
1.75
16.92
33.01
31.61
92.45
122.58
188.31
229
252.1
252.19
232.93
199.47
148.99
95.01
18.7
5.91
7.06

Overflow? YES

-19.37 s =
-19.37 g §’ S
EE2
= O =
[} c
1274| 3£ 8
[T [¢)

12.74

Reduced Reduced

Q1,Qe Area
6.72 9.93
90.35 35.65
1.42 2.18

Overflow Separation.
Elev. (est.) Ave. Dept

106.912  0.588
0.00 0.00
0.00 0.00
0.00 0.00
0.08 0.23
0.06 0.13
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
1.14 2.06
2.80 3.84
2.63 3.67
4.12 2.16
5.96 2.80
9.70 3.84

11.51 4.22
12.82 4.52
12.80 4.51
11.71 4.26
10.03 3.88
7.33 3.19
4.39 2.28
1.42 2.18
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0 0
0 0
0 0
0 0
Q Bridge
98.47





CONTRACTED CHANNEL SECTION

CROSS SECTION OUTPUT
Plan: PR_DOT Mad River
E.G. Elev (m) 107.77
Vel Head (m) 0.32
W.S. Elev (m) 107.5
Crit W.S. (m) 106.38
E.G. Slope (m/m)
Q Total (m3/s)
Top Width (m)
Vel Total (m/s)
Max Chl Dpth (m’
Conv. Total (m3/¢
Length Wtd. (m)
Min Ch EI (m)
Alpha

Frctn Loss (m)

C & E Loss (m)

137.34
47.93
2.03
3.54

3.5
103.96
1.08

Element

Wt. n-Val.

Reach Len. (m)

Flow Area (m2)

Area (m2)

Flow (m3/s)

Top Width (m)

Avg. Vel. (m/s)

Hydr. Depth (m)
Conv. (m3/s)

Wetted Per. (m)
Shear (N/m2)

Stream Power (N/m s)
Cum Volume (1000 m&
Cum SA (1000 m2)

3.5
8.78
5.55

10.95
11.65
1.25
0.75

12.2
3816.83

0.81
5.28

River Station (1288.5 BR U

Reach 1 RS: 1288.5 BRU Profile: 50 Year
Left OB

Channel

3.5
39.41
39.41
98.47

25

43.07

23.7
11.34

Righ

t OB

3.5
19.34
13.97
23.67
36.27

1.22

0.7

27.87
0

0.44
0.9

FLOW DISTRIBUTION IN CROSS SECTION OUTPUT

LEFT
Main
Right

Plan: PR_DOT Mad River
Pos

1 Chan
2 Chan
3 Chan
4 Chan
5 Chan
6 Chan
7 Chan
8 Chan
9 Chan
10 Chan

W1

20.6

Reach 1 RS: 1288.5 BR U
Left Sta

(m)

-10.3
-8.84
-6.71
-4.59
-2.46
-0.33
1.79
3.92
6.05
8.17

Profile:

Right Sta

-8.84
-6.71
-4.59
-2.46
-0.33
1.79
3.92
6.05
8.17
10.3

Q1, Qe

98.49

50 Year

Flow
(m3/s)

2.98
7.33
11.8
15.01
17.81
16.94
14.35
9.24
2.31
0.72

Area

Area
(m2)

39.41

1.96

4.54
5.22
5.78
5.61
5.08
3.93
2.58
1.31

W.P.

(m)

4.18
4.29
4.31
4.27
4.26
4.26
4.27
4.36
4.31
4.55

Total
58.93
1.23 Flow dis. manual Overflow? YES
Left WS Sta. -10.3 817 . .
Left Flood Sta. 8171 g5
Left Main Channel ~ -10.3 £2o
Right Main Channel 10.3 SoE
Right Flood Sta. 0 U_O_ ES s
Right WS Sta. 10.3 0
L' (left) -10.3 L (left) 0
L' (Right) -10.3 L (Right) 0 Reduced Reduced
Y1 Al Q1,Qe Area
1.91 2.50 98.49 39.41
Overflow Separation.
Percent  Hydr Velocity Shear Power Elev. (est.) Ave. Dept
Conv Depth(m) (m/s) (N/m2)  (N/ms) 107.5 0
3.02 1.34 1.52 0 0 2.98 1.96
7.44 1.6 2.15 0 0 7.33 3.40
11.98 213 2.6 0 0 11.80 4.54
15.24 245 2.88 0 0 15.01 5.22
18.08 2.72 3.08 0 0 17.81 5.78
17.2 2.64 3.02 0 0 16.94 5.61
14.57 2.39 2.82 0 0 14.35 5.08
9.38 1.85 2.35 0 0 9.24 3.93
2.35 1.22 0.89 0 0 2.31 2.58
0.73 0.62 0.55 0 0 0.72 1.31
Q Bridge
98.47





LIVE SCOUR AT ABUTMENTS

Froehlich's Live-Bed Abutment Scour Equation LEFT RIGHT
Ys/Ya = 2.27 K1 K2 (L'/Ya) " Fr*® + 1= 2.66 252 Eq. 7.1
Amended Local Scour Equation
Ys/Ya = 2.27 K1 K2 (L'/Ya) ®*** Fr®%' + 0.05 = 1.7 157 CT DOT DM Pg 9B-2
LEFT RIGHT
Ys = 1.58 0.48 m Scour depth <== using Amended equation
K1 = 1.00 0.82 Coeffcient for abutment shape (see Table 7.1 and Figrue 7.6)
K2 = 0.91 1.06 (6/90) %", Coefficient for angle of embankment to flow
6 = 43 138

0 < 90 degrees if embankment points downstream
0 > 90 degrees if embankment points upstream

L'= 4.70 0.66 m
Ae = 8.39 0.74 m"2
Fr= 0.22 0.38
Ve = 0.67 0.65 m/s
Qe = 5.611832 0.482263 m"3/s
Ya= 0.92 0.30 m

L= 9.081 24482 m

(see Figure 7.5 for definition of 8)

Length of active flow obstructed by the embankment

(see Figure 7.4)

Flow area of the approach cross section obstructed by the embankment

Vel/(gYa)*0.5, Froude Number of approach flow upstream of the abutment

Qe/Ae

Flow obstructed by the abutment and approach embankment
Ae/L, Average depth of flow on the floodplain

Length of embankment projected normal to the flow

Table 7. 1. Abutment Shape Coefficients.
Description K,
Vertical-wall abutment 1.00
Vertical-wall abutment with wing walls 0.82
Spill-through abutment 0.55

Plan
|

Section A - A'

(&) Spill Through

Section A - A' Saction A - A

(b) Vertical Wall (c) Vertical Wall with
Flarsd Wingwalls

Figure 7.6, Abutment shape.

/4

L

7

| Right Embankment |

O~

4

|Ve| ocity

Ejual Cdnveyance Tubes

e

Figure 7.4. Determination of length of embankment blocking live flow for abutment

scour estimation.

Figure 7.5. Orientation of embankment angle, &, to the flow.
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HIRE Live-Bed Abutment Scour Equation
LEFT RIGHT

Applicability check: Ly, = 4 1 Use HIRE Eq. only if L/Y ; > 25
YJY, =4 Fr®% K055 K,= N/A NA Eq. 7.1
LEFT  RIGHT
Y, = N/A N/A m Scour depth (N/A if L/Y, < 25)
K1 = 1.00 0.82 Coeffcient for abutment shape (see Table 7.1 on RIGHT)
= 0.91 1.06 (8/90) %", Coefficient for angle of embankment to flow
Yi= 218  218m Depth of flow at the abutment on the overbank or in the main channel,
Fr= 0.22 0.38 Vel/(gYa)"0.5, Froude Number of approach flow upstream of the abutment
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Cross Sections Used for Local Abutment Scour Computations

APPROACH SECTION
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* This drawing is intended to provide a basic, rough visualization of the
See Figure 5 for a more accurate depiction of combined total scour

scour depth.
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UPSTREAM APPROACH CHANNEL SECTIGiiver Station Event:  [50-YR
CROSS SECTION OUTPUT Use the same data as in the contraction scour computatlIYES except channel stations
Plan: PR_DOT Mad River Reach 1 RS: 1309 Profile: 50 Year
E.G. Elev (m) 107.8 Element Left OB Channel Right OB Total
Vel Head (m) 0.27 Wt. n-Val. 0.08 0.04 0.06
W.S. Elev (m) 107.5 Reach Len. (m) 19 19 19
Crit W.S. (m) 106.68 Flow Area (m2) 27.42 45.26 14.87
E.G. Slope (m/m) 0.002715 Area (m2) 27.42 45.26 28.54 101.22
Q Total (m3/s) 137.34 Flow (m3/s) 14.36 113.91 9.07
Top Width (m) 90.46 Top Width (m) 37.95 16.34 36.17
Vel Total (m/s) 1.57 Avg. Vel. (m/s) 0.52 2.52 0.61
Max Chl Dpth (m) 3.38 Hydr. Depth (m) 0.73 2.77 0.57 1.12 Flow dis. manual Overflow? YES
Conv. Total (m3/s) 2635.7 Conv. (m3/s) 275.5 2186.1 1741 Left WS Sta. (data) -46.79 -19.37| _ -
Length Wtd. (m) 19 Wetted Per. (m) 38.04 16.85 26.48 Left Eff. WS Sta. -19.18 -15.73 -14.98| 2 o<
Min Ch EI (m) 104.12 Shear (N/m2) 19.19 71.51 14.95 Left Abutmnt Sta. -10.29 x£°- 2 o
Alpha 2.16 Stream Power (N/m s) 5742.47 0 0 Right Abutmnt Sta. 10.29 ; g z
Frctn Loss (m) Cum Volume (1000 m: 1.12 24.51 0.85 Right Eff. WS Sta. 29.18 15.97 10.96 U_C_’ =] “8’.
C & E Loss (m) Cum SA (1000 m2) 5.75 11.5 1.58 Right WS Sta. 33.46 12.74
L' (left) 4.695 L (left) 9.081
FLOW DISTRIBUTION IN CROSS SECTION OUTPUT L' (Right) 0.664 L (Right) 2.448 Reduced  Reduced
W1 Q1, Qe Area Y1 V1 Q1, Qe Area
LEFT 12.6222  25.006 5.61 8.39
Main 20.5808 117.6474  50.7362 1.88 2.32 92.39 38.63
Right 7.0504 11.7878 0.48 0.74
Plan: PR_DOT Mad River Reach 1 RS: 1309 Profile: 50 Year Overflow Separation.
Pos Left Sta Right Sta  Flow Area W.P. Percent  Hydr Velocity ~Shear Elev. (est.) Ave. Dept
(m) (m3/s) Conv Depth(m) (mi/s) (N/m2) 106.912 0.588
1LOB -49.79 -46.6 0 0 0.19 0 0.01 0 0.34 0.00 0.00
2 LOB -46.6 -43.17 0.23 1.02 3.47 0.17 0.3 0.23 7.86 0.00 0.00
3 LOB -43.17 -39.75 0.66 1.9 3.43 0.48 0.56 0.35 14.78 0.00 0.00
4 LOB -39.75 -36.32 0.87 2.25 3.43 0.63 0.66 0.39 17.48 0.08 0.23
5 LOB -36.32 -32.9 0.8 2.14 3.43 0.58 0.63 0.37 16.63 0.06 0.13
6 LOB -32.9 -29.47 0.52 1.66 3.43 0.38 0.48 0.32 12.9 0.00 0.00
7 LOB -29.47 -26.05 0.28 1.15 3.43 0.21 0.34 0.25 8.92 0.00 0.00
8 LOB -26.05 -22.62 0.1 0.61 3.43 0.07 0.18 0.16 4.74 0.00 0.00
9 LOB -22.62 -19.18 0.23 1.02 3.51 0.17 0.3 0.23 7.77 0.00 0.00
10 LOB -19.18 -156.73 2.28 4.09 3.59 1.66 1.19 0.56 30.3 1.14 2.06
11 LOB -15.73 -12.29 4.28 5.86 3.45 3.11 1.7 0.73 45.24 2.80 3.84
12 LOB -12.29 -8.84 4.09 5.7 3.45 2.98 1.66 0.72 44.08 2.63 3.67
13 Chan -8.84 -7.21 5.94 3.12 1.71 4.32 1.91 1.9 48.64 412 2.16
14 Chan -7.21 -5.57 8.01 3.76 1.74 5.83 2.3 213 57.62 5.96 2.80
15 Chan -5.57 -3.94 12.12 4.8 1.71 8.82 2.94 2.53 74.55 9.70 3.84
16 Chan -3.94 -2.3 14.14 5.18 1.64 10.29 3.17 2.73 83.83 11.51 4.22
17 Chan -2.3 -0.67 15.54 5.48 1.64 11.32 3.35 2.84 88.81 12.82 4.52
18 Chan -0.67 0.96 15.52 5.47 1.64 11.3 3.35 2.84 88.83 12.80 4.51
19 Chan 0.96 2.6 14.36 5.22 1.64 10.46 3.2 2.75 84.69 11.71 4.26
20 Chan 2.6 4.23 12.5 4.84 1.67 9.1 2.96 2.58 7717 10.03 3.88
21 Chan 4.23 5.87 9.55 4.15 1.71 6.96 2.54 23 64.77 7.33 3.19
22 Chan 5.87 7.5 6.23 3.24 1.74 4.53 1.98 1.92 49.45 4.39 2.28
23 ROB 7.5 11.73 3.06 4.67 4.36 2.23 1.1 0.66 28.49 1.42 2.18
24 ROB 11.73 15.97 0.94 2.28 4.25 0.69 0.54 0.41 14.27 0.00 0.00
25 ROB 15.97 22.14 1.67 2.92 6.3 1.22 0.47 0.57 12.36 0.00 0.00
26 ROB 22.14 28.3 2.23 2.92 6.19 1.62 0.47 0.76 12.58 0.00 0.00
27 ROB 28.3 34.47 117 2.08 5.39 0.85 0.4 0.56 10.28 0.00 0.00
28 ROB 34.47 38.34 0 0 0
29 ROB 38.34 43.4 0 0.05 2.57 0 0.02 0 0.48 0 0
30 ROB 43.4 48.47 0 0.31 5.07 0 0.06 0 1.62 0 0
31 ROB 48.47 53.53 0 0.19 2.59 0 0.08 0 2 0 0
32
33 Q Bridge
34 98.47
35
36 Left Right
37 Computed L' = Qu/Quube = 4.695 0.664
38 Q.: 5.61 0.48
39 Viube: 0.72 0.66
40 Yiube: 1.66 1.1
41 Ctube- 1.1952 0.726
42
43
44
45
46
47
48
49






BRIDGE SECTION
CROSS SECTION OUTPUT
Plan: PR_DOT Mad River

River Station |1288.5 BR U

Use the same data as in the contraction scour computat

Reach 1 RS: 1288.5 BR U Profile: 50 Year

E.G. Elev (m) 107.77 Element Left OB Channel Right OB Total
Vel Head (m) 0.32 Wt. n-Val.
W.S. Elev (m) 107.5 Reach Len. (m) 3.5 3.5 3.5
Crit W.S. (m) 106.38 Flow Area (m2) 8.78 39.41 19.34
E.G. Slope (m/m) Area (m2) 5.55 39.41 13.97 58.93
Q Total (m3/s) 137.34 Flow (m3/s) 10.95 98.47 23.67
Top Width (m) 47.93 Top Width (m) 11.65 36.27
Vel Total (m/s) 2.03 Avg. Vel. (m/s) 1.25 2.5 1.22
Max Chl Dpth (m) 3.54 Hydr. Depth (m) 0.75 0.7 1.23 Flow dis. manual
Conv. Total (m3/s) Conv. (m3/s) Left WS Sta. -10.3
Length Wtd. (m) 3.5 Wetted Per. (m) 12.2 43.07 27.87 Left Eff. WS Sta.
Min Ch EI (m) 103.96 Shear (N/m2) Left Abutmnt Sta. -10.3
Alpha 1.08 Stream Power (N/m s) 3816.83 0 0 Right Abutmnt Sta. 10.3
Frctn Loss (m) Cum Volume (1000 m: 0.81 23.7 0.44 Right Eff. WS Sta.
C & E Loss (m) Cum SA (1000 m2) 5.28 11.34 0.9 Right WS Sta. 10.3
L' (left) -10.3 L (left) 0
FLOW DISTRIBUTION IN CROSS SECTION OUTPUT L' (Right) -10.3 L (Right) 0
W1 Q1, Qe Area Y1 V1
LEFT
Main 20.6 98.49 39.41 1.91 2.50
Right
Plan: PR_DOT Mad River Reach 1 RS:1288.5 BRU Profile: 50 Year
Pos Left Sta Right Sta  Flow W.P. Percent  Hydr Velocity Shear
(m) (m) (m3/s) (m) Conv Depth(m) (m/s) (N/m2)
1 Chan -10.3 -8.84 2.98 1.96 4.18 3.02 1.34 1.52 0
2 Chan -8.84 -6.71 7.33 3.4 4.29 7.44 1.6 215 0
3 Chan -6.71 -4.59 11.8 4.54 4.31 11.98 2.13 2.6 0
4 Chan -4.59 -2.46 15.01 522 4.27 15.24 2.45 2.88 0
5 Chan -2.46 -0.33 17.81 5.78 4.26 18.08 272 3.08 0
6 Chan -0.33 1.79 16.94 5.61 4.26 17.2 2.64 3.02 0
7 Chan 1.79 3.92 14.35 5.08 4.27 14.57 2.39 2.82 0
8 Chan 3.92 6.05 9.24 3.93 4.36 9.38 1.85 2.35 0
9 Chan 6.05 8.17 2.31 2.58 4.31 2.35 1.22 0.89 0
10 Chan 8.17 10.3 0.72 1.31 4.55 0.73 0.62 0.55 0
11
12
13
14
15
16
17
18
19
20
BRIDGE OUTPUT River Station Low Chord Elev.] 10654
Mean Channelbed Elev. 104.63
Plan: PR_DOT Mad River Reach 1 RS: 1288.5 Profile: 50 Year Bridge Opening Width 20.6
E.G. US. (m) 107.8 Element Inside BR U: Inside BR DS
W.S. US. (m) 107.5 E.G. Elev (m) 107.77 107.73 feight of Vertical Exposed Face of Abutment[  0.75]
Q Total (m3/s) 137.34 W.S. Elev (m) 107.5 107.5 Approx. Side Slope of channel below bridge 4 :1 (h:v)
Q Bridge (m3/s) 98.47 Crit W.S. (m) 106.38 106.38 Approx. channel bottpm width 6.40
Q Weir (m3/s) 36.35 Max Chl Dpth (m) 3.54 3.54 Hydraulic depth to mean bed elevation 2.52
Weir Sta Lft (m) -23.09 Vel Total (m/s) 2.03 2.05
Weir Sta Rgt (m) 38.34 Flow Area (m2) 67.53 66.99 Hydraulic depth 1.91
Weir Submerg 0.35 Froude # Chl 0.42 0.42
Weir Max Depth (m 0.83 Specif Force (m3) 114.44 113.75
Min EI Weir Flow (r 106.97 Hydr Depth (m) 1.73 1.67
Min El Prs (m) 106.74 W.P. Total (m) 83.14 84.28
Delta EG (m) 0.34 Conv. Total (m3/s)
Delta WS (m) 0.2 Top Width (m) 47.93 45.13
BR Open Area (m2 39.41 Frctn Loss (m)
BR Open Vel (m/s) 2.5 C&E Loss (m)
Coef of Q Shear Total (N/m2)
Br Sel Method Press/Weir  Power Total (N/m s) -1599.12 -1549.33

[=NeNoNeNoNoNeNoNo Nl

Overflow?
-10.3
0

0
10.3

YES

Flow through

the bridge
opening only

Reduced
Q1, Qe

98.49

Reduced
Area

39.41

Overflow Separation.
Elev. (est.) Ave. Dept

107.5
2.98
7.33
11.80
15.01
17.81
16.94
14.35

9.24

2.31

0.72

Q Bridge

98.47

0
1.96
3.40
4.54
5.22
5.78
5.61
5.08
3.93
2.58
1.31






PRESSURE FLOW SCOUR

Live-Bed Vertical Contraction Scour

YJY;= -5.08 + 1.27 (Y,/Hy) + 4.44 (H,/Y,) + 019 (V,/V,) = 0.02m ... Eq. 6.21

(Arneson's Eq.)

Y= 0.05 m Depth of vertical contraction scour relative to mean bed elevation
Y= 2.87 m Depth of flow immediately upstream of the bridge (hydraulic depth at upstream face)
Hp = 1.91 m Distance from the low chord of the bridge to the average elevation of the stream bed before scour
V,= 2.5 m/s Average velocity of the flow through the bridge opening before scour occurs
V.= 2.03 m/s Critical velocity of the D5, of the bed material in the bridge opening
Dsq = (Design) m if different from the value used in the Contraction Scour computation

Vi

Figure .14, Definition sketch of vertical contraction scour resulting from pressure flow,

Clear-Water Contraction Scour

Hp + YYo= 11021 [(1-w/Y,) V,/V 1% = 0.74m HEC-18 (1995) App. B
(Umbrell)
Y= 0.00 m Depth of vertical scour LIVE-BED controls. Ignore this procedure
Y, = 2.87 m Depth of flow immediately upstream of the bridge (approch depth)
Hp = 191 m Depth from the low chord of the bridge to original river bed
V, = 1.57 m/s Approach Velocity
V.= 2.50 m/s Velocity under the bridge deck. (V. is equal to the incipient motion velocity)
w= 0.53 m Depth of overflow
' v
X W —
4 Fi ]
l'ae'.weeeﬁg&e&e&e&deyy&e&efge&w&
V, \ 4 x ’; r'ﬁ
—- y L
1 Vc
—-
H,
v 3
- N . - -
» ~ ~ yg - - -
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PROJECTNO. | 151273 BRIDGE NO.

Ref. HEC-18., May 2001 (4th ed.)
(October 2013 Note: These equation are still valid in HEC-18, 5th ed.)

Pedestrian Crossing

onim: Metic |

SUMMARY
Contraction Scour Type: LIVE-BED Depth: 0.03 m Event: 100-YR
Local East Abut. #2 LEFT Eq.: Froehlich Depth: 1.49 m Event: 100-YR
Abutment West Abut. #1 RIGHT Eq.: Froehlich Depth: 0.46 m Event: 100-YR
CONTRACTION SCOUR
ve=Kuy"p™ Eq. 5.1
= 2.01 m/s Critacal velocity above which bed material of size D and smaller will be transported
Ku = 6.19 m (6.19 in Sl units; 11.17 in English units)
y= 2.06 m Average depth of flow upstream of the bridge
D= 0.024 m Particle size forVe , m (use Dsgp)
V= 2.39 m/s The mean velocity of the flow in the main channel or overbank area upstream of the brige opening
Vc < \ Thus, LIVE-BED CONTRACTION SCOUR

Live-Bed Contraction Scour

Ys =

Y1
Y2 =
Yo
Q1
Q2=
W1 =
W2 =
k1

Y2/Y1 = (Q2/Q1) ¥ (W1/W2)“ = 094 L. Eq. 5.2
Y2-Yo m Eq. 5.3
0.03 m Average contraction scour depth
2.06 m Average depth in the upstream main channel
1.95m Average depth in the contracted section
191 m Existing depth in the contracted section before scour
85.86 m3/s Flow in the upstream channel transporting sediment
94.16 m3/s Flow in the contracted channel
16.34 m Bottom width of the upstream main channel that is transporting bed material
20.60 m Bottom width of the main channel in the contracted section less pier width
0.59 Exponent determined below ( Viw= 042 )
V*=  0.2617 =(Tolp)"? or (gY1S1)" | shear velocity in the upstream section , m/s
w= 0.63 m/s Fall velocity of bed material based on the Dy, (Figure 5.8)
g= 9.81 m/s”2 Acceleration of gravity
S1= 0.002279 m/m Slope of energy gradeline of main channel
To= 68.48 Pa (N/m*2) Shear stess on the bed
p= 1000 kg/m*3 Density of water
s
10— ; — 0.01
i i iode o Bed
1 V¥w k1 Material
B OSRR NN N 00 SUUOOUO: | Transport
Maostly contact
! o 0.50 059 | bed material
discharge
E
giensits 4 : Some
o 0.50 to 0.64 suspended bed
= 20 - material
a1 — 0.0001 discharge
Mostly
-3 0 069 suspended bed
material
.................. discharge
0.01 — - rr 0.00001
0.001 0.01 01

®, m/s

Figure 5.8. Fall velocity of sand-sized particles with specific gravity of 2.65 in metric units.
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Clear-Water Contraction Scour

y2 = [ KQ Eq.5.4
Dm“~ W
ys= y2-yo m Eq. 5.5
= N/A m Average contraction scour depth  LIVE-BED controls. Ignore this procedure

y2 = 2.06 m Average equilibrium depth in the contracted section after contraction scour

yo = 191 m Average existing depth in the contracted section

Q= 94.16 m3/s Discharge through the bridge or on the set-back overbank area at the bridge associated with the width W

W= 20.60 m Bottom width of the contracted section less pier widths

K,=  0.0250 (0.025 in Sl units; 0.0077 in English units)
Dm= 0.0300 m Diameter of the smallest nontransportable particle in the bed material (1.25 Ds0) in th contacted setion
Dso=  0.0240 m Median diameter of bed material

Because D50 is not the largest particle in the bed material, the scoured section can

be slightly armored. Therefore, the Dm is assumed to be 1.25 Ds50. For stratified bed
material the depth of scour can be determined by using the clear-water scour equation
sequentially with successive Dm of the bed material layers.
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Cross Sections used for Contraction Scour Computations

UPSTREAM SECTION 1309
Mad River, 151-273, Metric Plan: PROPOSED (New Survey), ConnDOT Q 6/18/2014
U/S of Proposed Pedestrian Bridg e
le sle
. .08 .04 .08 .04 .06 .04 . .04 .08
ok fe—ot e e oo fov—os——f
4 2 egend
WS 100 Year
118 ——
0.0 m/s
————
0.5m/s
- | E—
116 1.0 mis
| E—
1.5m/is
1147 20mis
—_ 1\ Portion that passes over the bridge ——
£ 2.5ms
c L}
£ 1127 W1 3.0mis
L% Ground
1104 [100-YR W.S (Total Q=176.98) | A
Ban.kSta
108+
b X
1061 - .__ s
:Est_imate sgparation I!ne between !
104L"TV?'[?T"_ tzrld_g_e_o_p?ﬂllrlg_fl_o_vv_s_ o For Q = 94.16(portion that p through the bridge opening) |
-60 -40 -20 0 20 40 60 80
Station (m)
CONTRACTED SECTION 1288.5 BRU
Mad River, 151-273, Metric Plan: PROPOSED (New Survey), ConnDOT Q 6/18/2014
Proposed Pedestrian Bridge
le Sl N
.08 . .04 . .02 .08
o o ¢ o i
] 2 8 egend
b WS 100 Year
——
112 0.5m/s
———
1 1.0m/s
| E—
1.5m/s
g W2 100-YR W.S (Total Q=176.98) e
1101 20m/s
4 I
] 25m/s
— I
£ 1 3.0m/s
=
‘(% 108+ Ground
e i )
o 1 Ineff
1 [ ]
4 Bank Sta
106 y —
1 |
104;
102 ] T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
-60 -40 -20 0 20 40 60 80
Station (m)

*This drawing is intended to provide a basic, rough visualization of the scour depth. See Figure 5 for a more accurate depiction.
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UPSTREAM CHANNEL SECTION

CROSS SECTION OUTPUT
Plan: PR_DOT Mad River

River Station

Use the same data as in the contraction scour computatti No
Reach 1 RS: 1309 Profile: 100 Year

Event:

100-YR

except channel stations

E.G. Elev (m) 108.2 Element Left OB Channel Right OB Total
Vel Head (m) 0.24 Wt. n-Val. 0.08 0.04 0.058
W.S. Elev (m) 107.89 Reach Len. (m) 19 19 19
Crit W.S. (m) 107 Flow Area (m2) 42.13 51.62 25.23
E.G. Slope (m/m) 0.002279 Area (m2) 42.45 51.62 44.18 138.25
Q Total (m3/s) 176.98 Flow (m3/s) 26.91 129.97 20.09
Top Width (m) 99.38 Top Width (m) 38.98 16.34 44.05
Vel Total (m/s) 1.49 Avg. Vel. (m/s) 0.64 2.52 0.8
Max Chl Dpth (m) 3.77 Hydr. Depth (m) 1.12 3.16 0.93 1.39 Flow dis. manual
Conv. Total (m3/s) 3707 Conv. (m3/s) 563.7 2722.4 420.8 Left WS Sta. (data) -47.82
Length Wtd. (m) 19 Wetted Per. (m) 38.04 16.85 27.81 Left Flood Sta.
Min Ch EI (m) 104.12 Shear (N/m2) 24.76 68.48 20.28 Left Main Channel -8.84
Alpha 2.16 Stream Power (N/m s) 5742.47 0 0 Right Main Channel 7.5
Frctn Loss (m) Cum Volume (1000 m3) 413 28.68 1.55 Right Flood Sta.
C & E Loss (m) Cum SA (1000 m2) 14.95 11.77 247 Right WS Sta. 34.72
L' (left) 10.21 L (left) 10.21
FLOW DISTRIBUTION IN CROSS SECTION OUTPUT L' (Right) 4.19 L (Right) 4.19
W1 Q1, Qe Area ) Y1 V1
LEFT 26.92 42.46
Main 16.34 129.97 51.61 2.06 2.52
Right 20.09 25.25
Plan: PR_DOT Mad River Reach 1 RS: 1309 Profile: 100 Year
Pos Left Sta Right Sta  Flow Area W.P. Percent  Hydr Velocity Shear
(m) (m) (m3/s) (m2) (m) Conv Depth(m) (m/s) (N/m2)
1LOB -49.79 -46.6 0 0.32 1.31 0 0.26 0 5.47
210B -46.6 -43.17 0.98 2.36 3.47 0.55 0.69 0.41 15.21
3 LOB -43.17 -39.75 1.67 3.24 3.43 0.94 0.95 0.51 21.11
4 LOB -39.75 -36.32 1.98 3.58 3.43 1.12 1.05 0.55 23.38
5L0B -36.32 -32.9 1.88 3.48 3.43 1.06 1.01 0.54 22.66
6 LOB -32.9 -29.47 1.46 3 3.43 0.83 0.87 0.49 19.53
7 LOB -29.47 -26.05 1.07 2.48 3.43 0.61 0.72 0.43 16.19
8 LOB -26.05 -22.62 0.71 1.95 3.43 0.4 0.57 0.37 12.67
9 LOB -22.62 -19.18 0.97 2.37 3.51 0.55 0.69 0.41 15.06
10 LOB -19.18 -15.73 3.83 5.43 3.59 2.16 1.58 0.7 33.78
11 LOB -15.73 -12.29 6.3 7.2 3.45 3.56 2.09 0.87 46.67
12 LOB -12.29 -8.84 6.07 7.05 3.45 3.43 2.05 0.86 45.71
13 Chan -8.84 -7.21 7.45 3.76 1.71 4.21 2.3 1.98 49.16
14 Chan -7.21 -5.57 9.57 4.4 1.74 5.41 2.69 217 56.55
15 Chan -5.57 -3.94 13.74 5.43 1.71 7.76 3.33 2.53 70.89
16 Chan -3.94 -2.3 15.8 5.81 1.64 8.93 3.56 272 79.03
17 Chan -2.3 -0.67 17.19 6.11 1.64 9.71 3.74 2.81 83.22
18 Chan -0.67 0.96 17.17 6.1 1.64 9.7 3.74 2.81 83.25
19 Chan 0.96 2.6 16.02 5.86 1.64 9.05 3.59 2.73 79.76
20 Chan 2.6 4.23 14.14 5.47 1.67 7.99 3.35 2.58 73.31
21 Chan 4.23 5.87 11.16 4.79 1.71 6.3 2.93 2.33 62.71
22 Chan 5.87 75 7.73 3.88 1.74 4.37 2.37 1.99 49.67
23 ROB 7.5 11.73 4.75 6.32 4.36 2.68 1.49 0.75 32.38
24 ROB 11.73 15.97 2.19 3.93 4.25 1.24 0.93 0.56 20.67
25 ROB 15.97 22.14 4.25 5.33 6.3 24 0.86 0.8 18.9
26 ROB 22.14 28.3 5.66 5.33 6.19 3.2 0.86 1.06 19.25
27 ROB 28.3 34.47 3.24 4.33 6.45 1.83 0.7 0.75 14.99
28 ROB 34.47 38.34 0 0.01 0.26 0 0.04 0.09 0.81
29 ROB 38.34 43.4 0 1.44 4.6 0 0.31 0 6.98
30 ROB 43.4 48.47 0 2.28 5.07 0 0.45 0 10.07
31 ROB 48.47 53.53 0 1.91 5.08 0 0.38 0 8.43
32 ROB 53.53 58.6 0 0.19 2.15 0 0.09 0 2.03
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49

Power
(N/m's)

0

6.29
10.87
12.89
12.24
9.55
6.99
4.64
6.19
23.8
40.79
39.4
97.35
122.94
179.18
214.79
234.09
234.24
218.11
189.5
146.07
99.04
24.35
11.52
15.08
20.47
11.22
0.07

0
0
0

Overflow? YES

-19.05 s =

-19.05 g §’ S

£EE D

= O .=

[y c

11.69 Es g&
11.69

Reduced Reduced

Q1,Qe Area
7.03 8.36
85.86 33.72
1.28 1.69

Overflow Separation.
Elev. (est.) Ave. Dept

106.795 1.095
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
1.19 1.65
3.02 3.43
2.82 3.27
3.92 1.98
5.67 2.60
9.22 3.65

10.92 4.01
12.17 4.33
12.15 4.32
11.12 4.06
9.54 3.69
6.98 2.99
4.18 2.10
1.28 1.69
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0 0
0 0
0 0
0 0
Q Bridge
94.16





CONTRACTED CHANNEL SECTION

CROSS SECTION OUTPUT

Plan: PR_DOT Mad River

E.G. Elev (m)
Vel Head (m)
W.S. Elev (m)
Crit W.S. (m)
E.G. Slope (m/m)
Q Total (m3/s)
Top Width (m)
Vel Total (m/s)
Max Chl Dpth (m)
Conv. Total (m3/s)
Length Wtd. (m)
Min Ch EI (m)
Alpha

Frctn Loss (m)

C & E Loss (m)

108.14

0.42
107.89
106.57

176.98
50.8
1.97
3.93

3.5
103.96
1.36

Element

Wt. n-Val.

Reach Len. (m)

Flow Area (m2)

Area (m2)

Flow (m3/s)

Top Width (m)

Avg. Vel. (m/s)

Hydr. Depth (m)
Conv. (m3/s)

Wetted Per. (m)
Shear (N/m2)

Stream Power (N/m s)
Cum Volume (1000 m3)
Cum SA (1000 m2)

3.5
13.33
10.24
20.01
12.42

1.5

1.07

13.45
3816.83

3.62
14.47

River Station E288.5 BR U

Reach 1 RS: 1288.5 BR U Profile: 100 Year

Left OB Channel

3.5
39.41
39.41
94.16

2.39

43.07

27.81
11.61

Right OB

3.5
37.11
28.51
53.32
38.38

1.44
1.35

28.26
0

0.86
1.69

FLOW DISTRIBUTION IN CROSS SECTION OUTPUT

LEFT
Main
Right

Plan: PR_DOT Mad River

Pos

1 Chan
2 Chan
3 Chan
4 Chan
5 Chan
6 Chan
7 Chan
8 Chan
9 Chan
10 Chan

Reach 1 RS: 1288.5
Left Sta

(m)

W1
20.6

BRU

Rig

(m)
-10.3
-8.84
-6.71
-4.59
-2.46
-0.33
1.79
3.92
6.05
8.17

ht Sta

-8.84
-6.71
-4.59
-2.46
-0.33
1.79
3.92
6.05
8.17
10.3

Q1, Qe

94.16

Profile: 100 Year

(m3/s)

2.85
7
11.28
14.35
17.03
16.2
13.72
8.83
2.21
0.69

39.41

1.96

4.54
5.22
5.78
5.61
5.08
3.93
2.58
1.31

4.18
4.29
4.31
4.27
4.26
4.26
4.27
4.36
4.31
4.55

Total
78.16
1.54 Flow dis. manual
Left WS Sta. -10.3
Left Flood Sta.
Left Main Channel -10.3
Right Main Channel 10.3
Right Flood Sta.
Right WS Sta. 10.3
L' (left) -10.3 L (left) 0
L' (Right) -10.3 L (Right) 0
Y1 V1
1.91 2.39
Percent  Hydr Velocity Shear Power
Conv Depth(m) (m/s) (N/m2)  (N/ms)
3.02 1.34 1.45 0
7.44 1.6 2.06 0
11.98 2.13 2.49 0
15.24 245 2.75 0
18.08 2.72 2.95 0
17.2 2.64 2.89 0
14.57 2.39 2.7 0
9.38 1.85 2.25 0
2.35 1.22 0.86 0
0.73 0.62 0.53 0

OO OO0 O0OO0OO0OOoOOoO

Overflow? YES

8.17
8.17

0
0

Flow through

the bridge
opening only

Reduced Reduced

Q1,Qe Area
94.16 39.41
Overflow Separation.
Elev. (est.) Ave. Dept
107.89 0
2.85 1.96
7.00 3.40
11.28 4.54
14.35 5.22
17.03 5.78
16.20 5.61
13.72 5.08
8.83 3.93
2.21 2.58
0.69 1.31
Q Bridge
94.16






LIVE SCOUR AT ABUTMENTS

Froehlich's Live-Bed Abutment Scour Equation LEFT RIGHT
Ys/Ya = 2.27 K1 K2 (L'/Ya) " Fr*® + 1= 2.82 206 Eq. 7.1
Amended Local Scour Equation
Ys/Ya = 2.27 K1 K2 (L'/Ya) ®*** Fr®%' + 0.05 = 1.87 1.1 CT DOT DM Pg 9B-2
LEFT RIGHT
Ys = 1.49 0.46 m Scour depth <== using Amended equation
K1 = 1.00 0.82 Coeffcient for abutment shape (see Table 7.1 and Figrue 7.6)
K2 = 0.91 1.06 (6/90) %", Coefficient for angle of embankment to flow
6 = 43 138

0 < 90 degrees if embankment points downstream
0 > 90 degrees if embankment points upstream

L'= 3.32 0.39 m
Ae = 6.98 0.57 m"2
Fr= 0.30 0.38
Ve = 0.84 0.76 m/s
Qe = 5.844717 0.433878 m"3/s
Ya= 0.80 0.41 m
L= 8.761 1.3982 m

(see Figure 7.5 for definition of 8)

Length of active flow obstructed by the embankment

(see Figure 7.4)

Flow area of the approach cross section obstructed by the embankment

Vel/(gYa)*0.5, Froude Number of approach flow upstream of the abutment

Qe/Ae

Flow obstructed by the abutment and approach embankment
Ae/L, Average depth of flow on the floodplain

Length of embankment projected normal to the flow

Table 7. 1. Abutment Shape Coefficients.
Description K,
Vertical-wall abutment 1.00
Vertical-wall abutment with wing walls 0.82
Spill-through abutment 0.55

Plan
|

Section A - A'

(&) Spill Through

Section A - A' Saction A - A

(b) Vertical Wall (c) Vertical Wall with
Flarsd Wingwalls

Figure 7.6, Abutment shape.

/4

L

7

| Right Embankment |

O~

4

|Ve| ocity

Ejual Cdnveyance Tubes

e

Figure 7.4. Determination of length of embankment blocking live flow for abutment

scour estimation.

Figure 7.5. Orientation of embankment angle, &, to the flow.

Appendix B






HIRE Live-Bed Abutment Scour Equation
LEFT RIGHT

Applicability check: Ly, = 4 1 Use HIRE Eq. only if L/Y ; > 25
YJY, =4 Fr®% K055 K,= N/A NA Eq. 7.1
LEFT  RIGHT
Y= N/A N/A m Scour depth (N/A if L/Y, < 25)
K1 = 1.00 0.82 Coeffcient for abutment shape (see Table 7.1 on RIGHT)
= 0.91 1.06 (8/90) %", Coefficient for angle of embankment to flow
Yi= 206  206m Depth of flow at the abutment on the overbank or in the main channel,
Fr= 0.30 0.38 Vel/(gYa)"0.5, Froude Number of approach flow upstream of the abutment
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Cross Sections Used for Local Abutment Scour Computations

APPROACH SECTION

1309

Mad River, 151-273, Metric

Plan: PROPOSED (New Survey), ConnDOT Q 6/18/2014

U/S of Proposed Pedestrian Bridge
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* This drawing is intended to provide a basic, rough visualization of the scour depth.
See Figure 5 for a more accurate depiction of combined total scour
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UPSTREAM APPROACH CHANNEL SECTIOIRiver Station 1309 Event: 100-YR
CROSS SECTION OUTPUT Use the same data as in the contraction scour computatichES except channel stations
Plan: PR_DOT Mad River Reach 1 RS: 1309 Profile: 100 Year
E.G. Elev (m) 108.2 Element Left OB Channel Right OB Total
Vel Head (m) 0.24 Wt. n-Val. 0.08 0.04 0.058
W.S. Elev (m) 107.89 Reach Len. (m) 19 19 19
Crit W.S. (m) 107 Flow Area (m2) 42.13 51.62 25.23
E.G. Slope (m/m) 0.002279 Area (m2) 42.45 51.62 4418 138.25
Q Total (m3/s) 176.98 Flow (m3/s) 26.91 129.97 20.09
Top Width (m) 99.38 Top Width (m) 38.98 16.34 44.05
Vel Total (m/s) 1.49 Avg. Vel. (m/s) 0.64 2.52 0.8
Max Chl Dpth (m) 3.77 Hydr. Depth (m) 1.12 3.16 0.93 1.39 Flow dis. manual Overflow? YES
Conv. Total (m3/s) 3707 Conv. (m3/s) 563.7 2722.4 420.8 Left WS Sta. (data) -47.82 -19.05 .
Length Wtd. (m) 19 Wetted Per. (m) 38.04 16.85 27.81 Left Eff. WS Sta. -19.18 -15.73 -1360( 9 85
Min Ch EI (m) 104.12 Shear (N/m2) 24.76 68.48 20.28 Left Abutmnt Sta. -10.29 _g 2 o
Alpha 2.16 Stream Power (N/m s) 5742.47 0 0 Right Abutmnt Sta. 10.29 ; g c
Frctn Loss (m) Cum Volume (1000 m? 413 28.68 1.55 Right Eff. WS Sta. 29.18 15.97 10.68 u_C_’ ES] :‘5-).
C & E Loss (m) Cum SA (1000 m2) 14.95 11.77 247 Right WS Sta. 34.72 11.69
L' (left) 3.315 L (left) 8.761
FLOW DISTRIBUTION IN CROSS SECTION OUTPUT L' (Right) 0.388 L (Right) 1.398 Reduced  Reduced
W1 Q1, Qe Area Y1 V1 Q1, Qe Area
LEFT 243706  39.499 5.84 6.98
Main 20.5808 135.6544 58.7422 1.76 2.31 87.89 36.21
Right 16.955 21.0788 0.43 0.57
Plan: PR_DOT Mad River Reach 1 RS: 1309 Profile: 100 Year Overflow Separation.
Pos Left Sta Right Sta Flow Area W.P. Percent  Hydr Velocity ~Shear Power Elev. (est.) Ave. Dept
(m) (m3/s) (m2) (m) Conv Depth(m) (m/s) (N/m2) (N/m's) 106.795 1.095
1LOB -49.79 -46.6 0 0.32 1.31 0 0.26 0 5.47 0 0.00 0.00
2 LOB -46.6 -43.17 0.98 2.36 347 0.55 0.69 0.41 15.21 6.29 0.00 0.00
3 LOB -43.17 -39.75 1.67 3.24 343 0.94 0.95 0.51 21.11 10.87 0.00 0.00
4 LOB -39.75 -36.32 1.98 3.58 343 1.12 1.05 0.55 23.38 12.89 0.00 0.00
5 LOB -36.32 -32.9 1.88 3.48 343 1.06 1.01 0.54 2266 12.24 0.00 0.00
6 LOB -32.9 -29.47 1.46 3 343 0.83 0.87 0.49 19.53 9.55 0.00 0.00
7 LOB -29.47 -26.05 1.07 248 343 0.61 0.72 0.43 16.19 6.99 0.00 0.00
8 LOB -26.05 -22.62 0.71 1.95 343 0.4 0.57 0.37 12.67 4.64 0.00 0.00
9 LOB -22.62 -19.18 0.97 2.37 3.51 0.55 0.69 0.41 15.06 6.19 0.00 0.00
10 LOB -19.18 -15.73 3.83 5.43 3.59 2.16 1.58 0.7 33.78 23.8 1.19 1.65
11 LOB -15.73 -12.29 6.3 7.2 345 3.56 2.09 0.87 46.67  40.79 3.02 3.43
12 LOB -12.29 -8.84 6.07 7.05 345 3.43 2.05 0.86 45.71 394 2.82 3.27
13 Chan -8.84 -7.21 7.45 3.76 1.71 4.21 2.3 1.98 49.16  97.35 3.92 1.98
14 Chan -7.21 -5.57 9.57 4.4 1.74 5.41 2.69 217 56.55 122.94 5.67 2.60
15 Chan -5.57 -3.94 13.74 5.43 1.71 7.76 3.33 2.53 70.89 179.18 9.22 3.65
16 Chan -3.94 -2.3 15.8 5.81 1.64 8.93 3.56 2.72 79.03 214.79 10.92 4.01
17 Chan 2.3 -0.67 17.19 6.11 1.64 9.71 3.74 2.81 83.22 234.09 12.17 4.33
18 Chan -0.67 0.96 17.17 6.1 1.64 9.7 3.74 2.81 83.25 234.24 12.15 4.32
19 Chan 0.96 2.6 16.02 5.86 1.64 9.05 3.59 2.73 79.76  218.11 11.12 4.06
20 Chan 2.6 4.23 14.14 5.47 1.67 7.99 3.35 2.58 73.31 189.5 9.54 3.69
21 Chan 4.23 5.87 11.16 4.79 1.71 6.3 2.93 2.33 62.71 146.07 6.98 2.99
22 Chan 5.87 75 7.73 3.88 1.74 4.37 2.37 1.99 49.67 99.04 4.18 2.10
23 ROB 7.5 11.73 4.75 6.32 4.36 2.68 1.49 0.75 3238 24.35 1.28 1.69
24 ROB 11.73 15.97 2.19 3.93 4.25 1.24 0.93 0.56 20.67 11.52 0.00 0.00
25 ROB 15.97 22.14 4.25 5.33 6.3 24 0.86 0.8 189 15.08 0.00 0.00
26 ROB 22.14 28.3 5.66 5.33 6.19 3.2 0.86 1.06 19.25 2047 0.00 0.00
27 ROB 28.3 34.47 3.24 4.33 6.45 1.83 0.7 0.75 1499 11.22 0.00 0.00
28 ROB 34.47 38.34 0 0.01 0.26 0 0.04 0.09 0.81 0.07 0.00 0.00
29 ROB 38.34 43.4 0 1.44 4.6 0 0.31 0 6.98 0 0 0
30 ROB 43.4 48.47 0 2.28 5.07 0 0.45 0 10.07 0 0 0
31 ROB 48.47 53.53 0 1.91 5.08 0 0.38 0 8.43 0 0 0
32 ROB 53.53 58.6 0 0.19 2.15 0 0.09 0 2.03 0 0 0
33
34 Q Bridge
35 94.16
36 Left Right
37 Computed L' = Qg/Quube = 3.315 0.388
38 Q.: 5.84 0.43
39 Viube: 0.86 0.75
40 Yiube: 2.05 1.49
41 Qube: 1.763 1.1175
42
43
44
45
46
47
48
49






BRIDGE SECTION

River Station |1288.5 BR U

CROSS SECTION OUTPUT

Plan: PR_DOT Mad River Reach 1 RS:1288.5 BR U Profile: 100 Year

Use the same data as in the contraction scour computatidYes

E.G. Elev (m) 108.14 Element Left OB Channel Right OB Total
Vel Head (m) 0.42 Wt. n-Val.
W.S. Elev (m) 107.89 Reach Len. (m) 3.5 3.5 3.5
Crit W.S. (m) 106.57 Flow Area (m2) 13.33 39.41 37.11
E.G. Slope (m/m) Area (m2) 10.24 39.41 28.51 78.16
Q Total (m3/s) 176.98 Flow (m3/s) 20.01 94.16 53.32
Top Width (m) 50.8 Top Width (m) 12.42 38.38
Vel Total (m/s) 1.97 Avg. Vel. (m/s) 15 2.39 1.44
Max Chl Dpth (m) 3.93 Hydr. Depth (m) 1.07 1.35 1.54 Flow dis. manual
Conv. Total (m3/s) Conv. (m3/s) Left WS Sta. -10.3
Length Wtd. (m) 3.5 Wetted Per. (m) 13.45 43.07 28.26 Left Eff. WS Sta.
Min Ch EI (m) 103.96 Shear (N/m2) Left Abutmnt Sta. -10.3
Alpha 1.36 Stream Power (N/m s) 3816.83 0 0 Right Abutmnt Sta. 10.3
Frctn Loss (m) Cum Volume (1000 m 3.62 27.81 0.86 Right Eff. WS Sta.
C & E Loss (m) Cum SA (1000 m2) 14.47 11.61 1.69 Right WS Sta. 10.3
L' (left) -10.3 L (left) 0
FLOW DISTRIBUTION IN CROSS SECTION OUTPUT L' (Right) -10.3 L (Right) 0
W1 Q1, Qe Area Y1 V1
LEFT
Main 20.6 94.16 39.41 1.52 2.39
Right
Plan: PR_DOT Mad River Reach 1 RS:1288.5 BRU Profile: 100 Year
Pos Left Sta Right Sta Flow Area W.P. Percent  Hydr Velocity ~Shear
(m) (m) (m3/s) (m2) (m) Conv Depth(m) (m/s) (N/m2)
1 Chan -10.3 -8.84 2.85 1.96 4.18 3.02 1.34 1.45 0
2 Chan -8.84 -6.71 7 3.4 4.29 7.44 1.6 2.06 0
3 Chan -6.71 -4.59 11.28 4.54 4.31 11.98 2.13 2.49 0
4 Chan -4.59 -2.46 14.35 522 4.27 15.24 2.45 2.75 0
5 Chan -2.46 -0.33 17.03 5.78 4.26 18.08 272 2.95 0
6 Chan -0.33 1.79 16.2 5.61 4.26 17.2 2.64 2.89 0
7 Chan 1.79 3.92 13.72 5.08 4.27 14.57 2.39 2.7 0
8 Chan 3.92 6.05 8.83 3.93 4.36 9.38 1.85 2.25 0
9 Chan 6.05 8.17 2.21 2.58 4.31 2.35 1.22 0.86 0
10 Chan 8.17 10.3 0.69 1.31 4.55 0.73 0.62 0.53 0
11
12
13
14
15
16
17
18
19
20
BRIDGE OUTPUT River Station Low Chord Elev.] 10654
Mean Channelbed Elev. 104.63
Plan: PR_DOT Mad River Reach 1 RS: 1288.5 Profile: 100 Year Bridge Opening Width 20.6
E.G. US. (m) 108.2 Element Inside BR US Inside BR DS
W.S. US. (m) 107.89 E.G. Elev (m) 108.14 108.14 1eight of Vertical Exposed Face of Abutment[  0.75]
Q Total (m3/s) 176.98 W.S. Elev (m) 107.89 107.79 Approx. Side Slope of channel below bridge 4 :1 (h:v)
Q Bridge (m3/s) 94.16 Crit W.S. (m) 106.57 106.57 Approx. channel bottpm width 6.40
Q Weir (m3/s) 77 Max Chl Dpth (m) 3.93 3.83 Hydraulic depth to mean bed elevation 2.52
Weir Sta Lft (m) -23.8 Vel Total (m/s) 1.97 2.16
Weir Sta Rgt (m) 52.31 Flow Area (m2) 89.85 81.81 Hydraulic depth 1.91
Weir Submerg 0.6 Froude # Chl 0.46 0.44
Weir Max Depth (m 1.19 Specif Force (m3) 154.02 145.32
Min El Weir Flow (nr 106.97 Hydr Depth (m) 2.25 2.01
Min El Prs (m) 106.74 W.P. Total (m) 84.79 85.48
Delta EG (m) 0.3 Conv. Total (m3/s)
Delta WS (m) 0.15 Top Width (m) 50.8 46.33
BR Open Area (m2 39.41 Frctn Loss (m)
BR Open Vel (m/s) 2.39 C & E Loss (m)
Coef of Q Shear Total (N/m2)
Br Sel Method Press/Weir  Power Total (N/m s) -1599.12 -1549.33

[=NeoleNoNoleoNoR=N=]

Overflow?

YES

-10.3
0

0
10.3

Flow through

the bridge
opening only

Reduced
Q1, Qe

77.18

Reduced
Area

31.38

Overflow Separation.
Elev. (est.) Ave. Dept
0.39

107.5
2.02
5.29
9.22

12.07
14.58
13.81
11.48
6.96
1.50
0.25
Q Bridge
94.16

1.39
2.57
3.71
4.39
4.95
4.78
4.25
3.10
1.75
0.48






PRESSURE FLOW SCOUR

Live-Bed Vertical Contraction Scour

YJY;= -5.08 + 1.27 (Y,/Hy) + 4.44 (H,/Y,) + 019 (V,/V,) = lessthanzerom ... Eq. 6.21

(Arneson's Eq.)

Y= N/A m Depth of vertical contraction scour relative to mean bed elevation
Y= 3.26 m Depth of flow immediately upstream of the bridge (hydraulic depth at upstream face)
Hp = 1.91 m Distance from the low chord of the bridge to the average elevation of the stream bed before scour
V,= 2.39 m/s Average velocity of the flow through the bridge opening before scour occurs
V.= 2.01 m/s Critical velocity of the D5, of the bed material in the bridge opening
Dsq = (Design) m if different from the value used in the Contraction Scour computation

Vi

Figure .14, Definition sketch of vertical contraction scour resulting from pressure flow,

Clear-Water Contraction Scour

Hp + YYo= 11021 [(1-w/Y,) V,/V 1% = 068m HEC-18 (1995) App. B
(Umbrell)
Y= 0.00 m Depth of vertical scour LIVE-BED controls. Ignore this procedure
Y, = 3.26 m Depth of flow immediately upstream of the bridge (approch depth)
Hp = 191 m Depth from the low chord of the bridge to original river bed
V, = 1.49 m/s Approach Velocity
V.= 2.39 m/s Velocity under the bridge deck. (V. is equal to the incipient motion velocity)
w= 0.92 m Depth of overflow
' v
X W —
% | &
l'ae'.weeeﬁg&e&e&e&deyy&e&efge&w&
V, \ 4 x ’; r'ﬁ
—- y L
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PROJECT NO. |

151-273

BRIDGE NO.

Ref. HEC-18., May 2001 (4th ed.)
(October 2013 Note: These equation are still valid in HEC-18, 5th ed.)

Pedestrian Crossing

onim: Metic |

SUMMARY
Contraction Scour Type: CLEAR-WATER Depth: 0.00 m Event: 500-YR
Local East Abut. #2 LEFT Eq.: Froehlich Depth: 1.05 m Event: 500-YR
Abutment West Abut. #1 RIGHT Eq.: Froehlich Depth: 0.42 m Event: 500-YR
CONTRACTION SCOUR
ve=Kuy"p™ Eq. 5.1
= 1.98 m/s Critacal velocity above which bed material of size D and smaller will be transported
Ku = 6.19 m (6.19 in Sl units; 11.17 in English units)
y= 1.84 m Average depth of flow upstream of the bridge
D= 0.024 m Particle size forVe , m (use Dsgp)
V= 1.88 m/s The mean velocity of the flow in the main channel or overbank area upstream of the brige opening

Ve > \"

Live-Bed Contraction Scour

Thus, CLEAR-WATER CONTRACTION SCOUR

Average contraction scour depth CLEAR-WATER controls. Ignore this procedure
Average depth in the upstream main channel

Average depth in the contracted section

Existing depth in the contracted section before scour

Flow in the upstream channel transporting sediment

Bottom width of the upstream main channel that is transporting bed material
Bottom width of the main channel in the contracted section less pier width

(

V*w =

036 )

=(To/p)"™ or (gY1S1)"? | shear velocity in the upstream section
Fall velocity of bed material based on the Ds, (Figure 5.8)

Y2/Y1 = (Q2/Q1) ¥ (W1W2)' = 0.93

Ys=Y2-Yo m

= N/A m
Y1= 1.84 m
Y2 = 1.72 m
Yo = 191 m
Q1= 68.30 m3/s
Q2= 74.01 m3/s Flow in the contracted channel
W1 = 16.34 m
W2 = 20.60 m
k1= 0.59 Exponent determined below

V* = 0.2241
w= 0.63 m/s
g= 9.81 m/s”2

S1= 0.001321 m/m

To=
p:

Acceleration of gravity
Slope of energy gradeline of main channel

Density of water

50.22 Pa (N/m”2) Shear stess on the bed
1000 kg/m”3

S

[

— 0.01

0.00001

0.1

®, m/s

, m/s

V¥w

Mode of Bed
Matenal
Transport

[
o
@

0.64

Maostly contact
bed material
discharge
Some
suspended bed
material
discharge

=20

0.69

Mostly
suspended bed
material
discharge

Figure 5.8. Fall velocity of sand-sized particles with specific gravity of 2.65 in metric units.
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Clear-Water Contraction Scour

y2 = [ KQ Eq.5.4
Dm“~ W
ys= y2-yo m Eq. 5.5
= -0.24 m Average contraction scour depth

y2 = 1.68 m Average equilibrium depth in the contracted section after contraction scour

yo = 191 m Average existing depth in the contracted section

Q= 74.01 m3/s Discharge through the bridge or on the set-back overbank area at the bridge associated with the width W

W= 20.60 m Bottom width of the contracted section less pier widths

K,=  0.0250 (0.025 in Sl units; 0.0077 in English units)
Dm= 0.0300 m Diameter of the smallest nontransportable particle in the bed material (1.25 Ds0) in th contacted setion
Dso=  0.0240 m Median diameter of bed material

Because D50 is not the largest particle in the bed material, the scoured section can

be slightly armored. Therefore, the Dm is assumed to be 1.25 Ds50. For stratified bed
material the depth of scour can be determined by using the clear-water scour equation
sequentially with successive Dm of the bed material layers.
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Cross Sections used for Contraction Scour Computations

UPSTREAM SECTION 1309
Mad River, 151-273, Metric Plan: PROPOSED (New Survey), ConnDOT Q 6/18/2014
U/S of Proposed Pedestrian Bridge
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CONTRACTED SECTION 1288.5 BR U
Mad River, 151-273, Metric Plan: PROPOSED (New Survey), ConnDOT Q 6/18/2014
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*This drawing is intended to provide a basic, rough visualization of the scour depth. See Figure 5 for a more accurate depiction.
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UPSTREAM CHANNEL SECTION

CROSS SECTION OUTPUT

Plan: PR_DOT Mad River

River Station

Use the same data as in the contraction scour computalNo
Reach 1 RS: 1309 Profile: 500 Year

Event:

500-YR

except channel stations

E.G. Elev (m) 108.95 Element Left OB Channel  Right OB Total
Vel Head (m) 0.16 Wt. n-Val. 0.08 0.04 0.049
W.S. Elev (m) 108.73 Reach Len. (m) 19 19 19
Crit W.S. (m) 107.78 Flow Area (m2) 73.79 65.33 72.94
E.G. Slope (m/m)  0.001321 Area (m2) 75.85 65.33 86.38 227.56
Q Total (m3/s) 269.01 Flow (m3/s) 52.15 146.48 70.38
Top Width (m) 110.21 Top Width (m) 40.67 16.34 53.2
Vel Total (m/s) 1.27 Avg. Vel. (m/s) 0.71 2.24 0.96
Max Chl Dpth (m) 4.61 Hydr. Depth (m) 1.95 4 1.43 2.06 Flow dis. manual
Conv. Total (m3/s 7401.6 Conv. (m3/s) 1434.7 4030.3  1936.5 Left WS Sta. (data) -49.51
Length Wtd. (m) 19 Wetted Per. (m) 38.04 16.85 51.82 Left Flood Sta.
Min Ch EI (m) 104.12 Shear (N/m2) 25.13 50.22 18.23 Left Main Channel -8.84
Alpha 1.91 Stream Power (N/m s) 5742.47 0 0 Right Main Channel 7.5
Frctn Loss (m) Cum Volume (1000 m& 23.01 36.43 5.92 Right Flood Sta.
C & E Loss (m) Cum SA (1000 m2) 38.6 12.17 9.06 Right WS Sta. 60.7
L' (left) 9.5 L (left) 9.5
FLOW DISTRIBUTION IN CROSS SECTION OUTPUT L' (Right) 2.96 L (Right) 2.96
W1 Q1, Qe Area ) Y1 V1
LEFT 52.14 75.86
Main 16.34 146.48 65.31 1.84 2.24
Right 70.38 73.28
Plan: PR_DOT Mad River Reach 1 RS: 1309 Profile: 500 Year
Pos Left Sta Right Sta  Flow Area W.P. Percent  Hydr Velocity Shear
(m) (m) (m3/s) (m2) (m) Conv Depth(m) (m/s) (N/m2)
1LOB -49.79 -46.6 0 2.06 3.2 0 0.71 0 8.33
2L0B -46.6 -43.17 3.01 5.23 3.47 1.12 1.53 0.58 19.55
3LOB -43.17 -39.75 3.93 6.11 3.43 1.46 1.78 0.64 23.09
4 LOB -39.75 -36.32 4.31 6.46 3.43 1.6 1.88 0.67 24.41
5L0OB -36.32 -32.9 4.19 6.35 3.43 1.56 1.85 0.66 23.99
6 LOB -32.9 -29.47 3.67 5.87 3.43 1.37 1.71 0.63 2217
7 LOB -29.47 -26.05 3.16 5.36 3.43 1.17 1.56 0.59 20.24
8 LOB -26.05 -22.62 2.64 4.82 3.43 0.98 1.41 0.55 18.19
9 LOB -22.62 -19.18 3.01 5.26 3.51 1.12 1.53 0.57 19.38
10 LOB -19.18 -15.73 6.37 8.32 3.59 2.37 242 0.77 29.99
11 LOB -15.73 -12.29 9.04 10.09 3.45 3.36 2.93 0.9 37.89
12 LOB -12.29 -8.84 8.81 9.93 3.45 3.27 2.88 0.89 37.35
13 Chan -8.84 -7.21 9.58 5.13 1.71 3.56 3.14 1.87 38.87
14 Chan -7.21 -5.57 11.52 5.77 1.74 4.28 3.53 2 42.97
15 Chan -5.57 -3.94 15.31 6.8 1.71 5.69 4.16 2.25 51.44
16 Chan -3.94 -2.3 17.22 7.18 1.64 6.4 4.4 24 56.6
17 Chan -2.3 -0.67 18.45 7.48 1.64 6.86 4.58 247 59.04
18 Chan -0.67 0.96 18.44 7.47 1.64 6.86 4.57 247 59.08
19 Chan 0.96 2.6 17.42 7.23 1.64 6.48 4.42 2.41 57.04
20 Chan 26 4.23 15.73 6.84 1.67 5.85 4.19 23 53.12
21 Chan 4.23 5.87 13 6.16 1.71 4.83 3.77 2.1 46.74
22 Chan 5.87 75 9.81 5.25 1.74 3.65 3.21 1.87 38.96
23 ROB 7.5 11.73 7.68 9.87 4.36 2.85 2.33 0.78 29.31
24 ROB 11.73 15.97 4.92 7.48 4.25 1.83 1.77 0.66 22.81
25 ROB 15.97 22.14 10.11 10.5 6.3 3.76 1.7 0.96 21.58
26 ROB 22.14 28.3 13.48 10.5 6.19 5.01 1.7 1.28 21.98
27 ROB 28.3 34.47 8.85 9.5 6.45 3.29 1.54 0.93 19.08
28 ROB 34.47 38.34 1.42 2.89 3.9 0.53 0.75 0.49 9.6
29 ROB 38.34 43.4 4.78 5.66 5.11 1.78 1.12 0.84 14.33
30 ROB 43.4 48.47 6.98 6.53 5.07 2.59 1.29 1.07 16.7
31 ROB 48.47 53.53 7.79 6.16 5.08 29 1.22 1.27 15.72
32 ROB 53.53 58.6 4.37 3.87 5.12 1.63 0.76 1.13 9.78
33 ROB 58.6 64 0 0.32 213 0 0.15 0 1.94
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49

Power
(N/m's)

0
11.26
14.85
16.29
15.83
13.88
11.92
9.98
1.1
22.97
33.92
33.12
72.53
85.75
115.73
135.71
145.61
145.76
137.46
122.11
98.64
72.82
22.79
15.01
20.79
28.23
17.78
4.73
12.11
17.85
19.88
11.05

0

Overflow? YES

-18.34 s =
-18.34 g §’ S
£= 2
= O =
[} c
10.46 82¢g
[T [¢)

10.46

Reduced Reduced

Q1,Qe Area
5.16 6.01
68.30 30.02
0.55 0.73

Overflow Separation.
Elev. (est.) Ave. Dept

106.57 2.16
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.63 0.87
2.35 2.66
2.18 248
3.00 1.61
4.44 2.23
7.39 3.28
8.72 3.64
9.75 3.96
9.74 3.95
8.88 3.69
7.63 3.32
5.53 2.62
3.23 1.73
0.55 0.73
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00

Q Bridge
74.01





CONTRACTED CHANNEL SECTION

CROSS SECTION OUTPUT
Plan: PR_DOT Mad River
E.G. Elev (m)

Vel Head (m)
W.S. Elev (m)
Crit W.S. (m)
E.G. Slope (m/m)
Q Total (m3/s)
Top Width (m)
Vel Total (m/s)
Max Chl Dpth (m)
Conv. Total (m3/s
Length Wtd. (m)
Min Ch EI (m)
Alpha

Frctn Loss (m)

C & E Loss (m)

108.89

0.34
108.73
107.55

269.01
84.37
1.9
4.77

3.5
103.96
1.55

Reach 1 RS: 1288.5 BRU
Element

Wt. n-Val.

Reach Len. (m)

Flow Area (m2)

Area (m2)

Flow (m3/s)

Top Width (m)

Avg. Vel. (m/s)

Hydr. Depth (m)

Conv. (m3/s)

Wetted Per. (m)
Shear (N/m2)

Stream Power (N/m s)
Cum Volume (1000 m&
Cum SA (1000 m2)

Left OB

Profile: 500 Year
Channel

3.5
23.84
21.52
41.64
14.68

1.75
1.62

3.5
45.98

79.42
20.6
1.73
2.23

16.46 63.68

3816.83

22.09
38.08

0
35.4
11.82

42.75

River Station I288.5 BR U

Righ

1

t OB

3.5
72.09
65.68
24.54
49.09

1.73
1.49

49.74
0

4.47
8.08

FLOW DISTRIBUTION IN CROSS SECTION OUTPUT

LEFT
Main
Right

Plan: PR_DOT Mad River
Pos

1 Chan
2 Chan
3 Chan
4 Chan
5 Chan
6 Chan
7 Chan
8 Chan
9 Chan
10 Chan

W1
20.6

Reach 1 RS: 1288.5 BR U
Left Sta
(m) (m)

-10.3

-8.84

-6.71

-4.59

-2.46

-0.33

1.79

3.92

6.05

8.17

Right Sta

Q1, Qe
74.01

Profile: 500 Year
Flow
(m3/s)
-8.84
-6.71
-4.59
-2.46
-0.33
1.79
3.92
6.05
8.17
10.3

2.24
5.51
8.87
11.28
13.38
12.73
10.78
6.94
1.74
0.54

Area

Area
(m2)

39.41

1.96

4.54
5.22
5.78
5.61
5.08
3.93
2.58
1.31

W.P.
(m)

4.18
4.29
4.31
4.27
4.26
4.26
4.27
4.36
4.31
4.55

Total
129.95
1.54 Flow dis. manual
Left WS Sta. -10.3
Left Flood Sta.
Left Main Channel -10.3
Right Main Channel 10.3
Right Flood Sta.
Right WS Sta. 10.3
L' (left) -10.3 L (left) 0
L' (Right) -10.3 L (Right) 0
Y1 V1
1.91 1.88
Percent  Hydr Velocity Shear
Conv Depth(m) (m/s) (N/m2)
3.02 1.34 1.14 0
7.44 1.6 1.62 0
11.98 213 1.96 0
15.24 245 2.16 0
18.08 272 2.32 0
17.2 2.64 227 0
14.57 2.39 212 0
9.38 1.85 1.77 0
2.35 1.22 0.67 0
0.73 0.62 0.41 0

Power
(N/m's)

[=NeNeNoloNoNolNoNelNo)

Overflow? YES

8.17 s =
8.17 8§)g
£= 2
= O =
205
10.3 u_c_>£“§
10.3

Reduced Reduced
Q1,Qe Area

74.01 39.41

Overflow Separation.
Elev. (est.) Ave. Dept

108.73 0
2.24 1.96
5.51 3.40
8.87 4.54

11.28 5.22

13.38 5.78

12.73 5.61

10.78 5.08
6.94 3.93
1.74 2.58
0.54 1.31

Q Bridge
74.01





LIVE SCOUR AT ABUTMENTS

Froehlich's Live-Bed Abutment Scour Equation LEFT RIGHT
Ys/Ya = 2.27 K1 K2 (L'/Ya) " Fr*® + 1= 2.66 123 Eq. 7.1
Amended Local Scour Equation
Ys/Ya = 2.27 K1 K2 (L'/Ya) ®*** Fr®%' + 0.05 = 1.7 028 CT DOT DM Pg 9B-2
LEFT RIGHT
Ys = 1.05 0.42 m Scour depth <== using Amended equation
K1 = 1.00 0.82 Coeffcient for abutment shape (see Table 7.1 and Figrue 7.6)
K2 = 0.91 1.06 (6/90) %", Coefficient for angle of embankment to flow
6 = 43 138

0 < 90 degrees if embankment points downstream
0 > 90 degrees if embankment points upstream

L'= 1.66 0.10 m
Ae = 4.96 0.25 m”2
Fr= 0.35 0.20
Ve = 0.86 0.75 m/s
Qe = 4.247678 0.188121 m"3/s
Ya= 0.62 148 m

L= 8.051 0.1682 m

(see Figure 7.5 for definition of 8)

Length of active flow obstructed by the embankment

(see Figure 7.4)

Flow area of the approach cross section obstructed by the embankment

Vel/(gYa)*0.5, Froude Number of approach flow upstream of the abutment

Qe/Ae

Flow obstructed by the abutment and approach embankment
Ae/L, Average depth of flow on the floodplain

Length of embankment projected normal to the flow

Table 7. 1. Abutment Shape Coefficients.
Description K,
Vertical-wall abutment 1.00
Vertical-wall abutment with wing walls 0.82
Spill-through abutment 0.55

Plan

- A
I,

Section A - A'

(&) Spill Through

Section A - A' Saction A - A

(b) Vertical Wall (c) Vertical Wall with
Flarsd Wingwalls

Figure 7.6, Abutment shape.

/4

L

7

| Right Embankment |

O~

4

|Ve| ocity

Ejual Cdnveyance Tubes

e

Figure 7.4. Determination of length of embankment blocking live flow for abutment

scour estimation.

Figure 7.5. Orientation of embankment angle, &, to the flow.
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HIRE Live-Bed Abutment Scour Equation
LEFT RIGHT

Applicability check: Ly, = 4 0 Use HIRE Eq. only if L/Y ; > 25
YJY, =4 Fr®% K055 K,= N/A NA Eq. 7.1
LEFT  RIGHT
Y= N/A N/A m Scour depth (N/A if L/Y, < 25)
K1 = 1.00 0.82 Coeffcient for abutment shape (see Table 7.1 on RIGHT)
= 0.91 1.06 (8/90) %", Coefficient for angle of embankment to flow
Y= 184  184m Depth of flow at the abutment on the overbank or in the main channel,
Fr= 0.35 0.20 Vel/(gYa)"0.5, Froude Number of approach flow upstream of the abutment
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Cross Sections Used for Local Abutment Scour Computations

APPROACH SECTION

1309

Mad River, 151-273, Metric

Plan: PROPOSED (New Survey), ConnDOT Q 6/18/2014
U/S of Proposed Pedestrian Bridg e

A

rO-

118+

116

114+

112+

Elevation (m)

.08

N
T

.04‘%‘*.08*’%‘.04‘%‘*.06%.04*”{ g %.04%‘*.08*”{

Legend

Portion that passes over the bridge

<

A 4

|500-YR W.S (Total Q=269.01) |

(=L)

WS 500 Year

|

0.0 m/s

|

0.5m/s

|

1.0 m/s

1.5m/s

20m/s

25m/is

Ground

|

Ineff

L]
Bank Sta

/

——

106

e

| Estimate separation line between '
! weir and bridge openiing flow: '

M

\| For Q = 74.01 (portiol

-60

Statio]

1
20 40 60 80

p (m)

n that passes through the bridge opening) |

1288.5 BRU

1288.5 BRU

114+
1124

1107

Elevation (m)

Mad River, 151-273, Metric

Plan: PROP
Proposed P

OSED (New Survey), ConnDOT Q 6/18/2014
edestrian Bridge

e,

.04 % . .02 % .08

0
8

Legend

[500-YR W.S (Total Q=269.01) |

//‘

WS 500 Year

|

0.0 m/s

|

0.5m/s

|

1.0m/s

1.5m/s

20m/s

25m/is

Ground

Ineff

[ ]
Bank Sta

A
1.05 m,

T T —
-40 -20

Station (m)

* This drawing is intended to provide a basic, rough visualization of the scour depth.

See Figure 5 for a more accurate depiction of combined total scour
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UPSTREAM APPROACH CHANNEL SECTI@®iver Station 1309 Event: 500-YR

CROSS SECTION OUTPUT Use the same data as in the contraction scour computatic|YES except channel stations
Plan: PR_DOT Mad River Reach 1 RS: 1309 Profile: 500 Year
E.G. Elev (m) 108.95 Element Left OB Channel Right OB Total
Vel Head (m) 0.16 Wt. n-Val. 0.08 0.04 0.049
W.S. Elev (m) 108.73 Reach Len. (m) 19 19 19
Crit W.S. (m) 107.78 Flow Area (m2) 73.79 65.33 72.94
E.G. Slope (m/m) 0.001321 Area (m2) 75.85 65.33 86.38 227.56
Q Total (m3/s) 269.01 Flow (m3/s) 52.15 146.48 70.38
Top Width (m) 110.21 Top Width (m) 40.67 16.34 53.2
Vel Total (m/s) 1.27 Avg. Vel. (m/s) 0.71 2.24 0.96
Max Chl Dpth (m) 4.61 Hydr. Depth (m) 1.95 4 1.43 2.06 Flow dis. manual Overflow? YES
Conv. Total (m3/s) 7401.6 Conv. (m3/s) 1434.7 4030.3 1936.5 Left WS Sta. (data) -49.51 -18.34)
Length Wtd. (m) 19 Wetted Per. (m) 38.04 16.85 51.82 Left Eff. WS Sta. -19.18 -15.73 -11.95( 9 gc
Min Ch EI (m) 104.12 Shear (N/m2) 25.13 50.22 18.23 Left Abutmnt Sta. -10.29 _g 2 o
Alpha 1.91 Stream Power (N/m s) 5742.47 0 0 Right Abutmnt Sta. 10.29 ; g c
Frctn Loss (m) Cum Volume (1000 m 23.01 36.43 5.92 Right Eff. WS Sta. 29.18 15.97 10.40 u_C_’ ES] é).
C & E Loss (m) Cum SA (1000 m2) 38.6 12.17 9.06 Right WS Sta. 60.7 10.46
L' (left) 1.657 L (left) 8.051
FLOW DISTRIBUTION IN CROSS SECTION OUTPUT L' (Right) 0.104 L (Right) 0.168 Reduced  Reduced
W1 Q1, Qe Area Y1 V1 Q1, Qe Area
LEFT 48.4398 71.6894 4.25 4.96
Main 20.5808 155.249 75.9948 1.53 2.04 69.58 31.54
Right 41.3912 41.3358 0.19 0.25
Plan: PR_DOT Mad River Reach 1 RS: 1309 Profile: 500 Year Overflow Separation.
Pos Left Sta Right Sta  Flow Area W.P. Percent  Hydr Velocity ~ Shear Power Elev. (est.) Ave. Dept
(m) (m) (m3/s) (m2) (m) Conv Depth(m) (m/s) (N/m2) (N/m's) 106.57 2.16
1LOB -49.79 -46.6 0 2.06 3.2 0 0.71 0 8.33 0 0.00 0.00
2 LOB -46.6 -43.17 3.01 5.23 3.47 1.12 1.53 0.58 19.55 11.26 0.00 0.00
3 LOB -43.17 -39.75 3.93 6.11 3.43 1.46 1.78 0.64 23.09 14.85 0.00 0.00
4 LOB -39.75 -36.32 4.31 6.46 3.43 1.6 1.88 0.67 2441  16.29 0.00 0.00
5 LOB -36.32 -32.9 4.19 6.35 3.43 1.56 1.85 0.66 2399 15.83 0.00 0.00
6 LOB -32.9 -29.47 3.67 5.87 3.43 1.37 1.71 0.63 2217 13.88 0.00 0.00
7 LOB -29.47 -26.05 3.16 5.36 3.43 117 1.56 0.59 20.24 11.92 0.00 0.00
8 LOB -26.05 -22.62 2.64 4.82 3.43 0.98 1.41 0.55 18.19 9.98 0.00 0.00
9 LOB -22.62 -19.18 3.01 5.26 3.51 1.12 1.53 0.57 19.38 11.1 0.00 0.00
10 LOB -19.18 -15.73 6.37 8.32 3.59 2.37 242 0.77 2999 2297 0.63 0.87
11 LOB -15.73 -12.29 9.04 10.09 3.45 3.36 2.93 0.9 37.89 33.92 2.35 2.66
12 LOB -12.29 -8.84 8.81 9.93 3.45 3.27 2.88 0.89 37.35 33.12 2.18 248
13 Chan -8.84 -7.21 9.58 5.13 1.71 3.56 3.14 1.87 38.87 7253 3.00 1.61
14 Chan -7.21 -5.57 11.52 5.77 1.74 4.28 3.53 2 4297 85.75 4.44 2.23
15 Chan -5.57 -3.94 15.31 6.8 1.71 5.69 4.16 2.25 51.44 115.73 7.39 3.28
16 Chan -3.94 2.3 17.22 7.18 1.64 6.4 4.4 24 56.6 135.71 8.72 3.64
17 Chan -2.3 -0.67 18.45 7.48 1.64 6.86 4.58 2.47 59.04 145.61 9.75 3.96
18 Chan -0.67 0.96 18.44 7.47 1.64 6.86 4.57 2.47 59.08 145.76 9.74 3.95
19 Chan 0.96 2.6 17.42 7.23 1.64 6.48 4.42 2.41 57.04 137.46 8.88 3.69
20 Chan 2.6 4.23 15.73 6.84 1.67 5.85 4.19 2.3 53.12 122.11 7.63 3.32
21 Chan 4.23 5.87 13 6.16 1.71 4.83 3.77 2.1 46.74  98.64 5.53 2.62
22 Chan 5.87 7.5 9.81 5.25 1.74 3.65 3.21 1.87 38.96 72.82 3.23 1.73
23 ROB 7.5 11.73 7.68 9.87 4.36 2.85 2.33 0.78 29.31 2279 0.55 0.73
24 ROB 11.73 15.97 4.92 7.48 4.25 1.83 1.77 0.66 22.81  15.01 0.00 0.00
25 ROB 15.97 22.14 10.11 10.5 6.3 3.76 1.7 0.96 21.58  20.79 0.00 0.00
26 ROB 22.14 28.3 13.48 10.5 6.19 5.01 1.7 1.28 21.98 28.23 0.00 0.00
27 ROB 28.3 34.47 8.85 9.5 6.45 3.29 1.54 0.93 19.08 17.78 0.00 0.00
28 ROB 34.47 38.34 1.42 2.89 3.9 0.53 0.75 0.49 9.6 4.73 0.00 0.00
29 ROB 38.34 43.4 4.78 5.66 5.11 1.78 1.12 0.84 1433 1211 0.00 0.00
30 ROB 43.4 48.47 6.98 6.53 5.07 2.59 1.29 1.07 16.7 17.85 0.00 0.00
31 ROB 48.47 53.53 7.79 6.16 5.08 2.9 1.22 1.27 1572  19.88 0.00 0.00
32 ROB 53.53 58.6 4.37 3.87 5.12 1.63 0.76 1.13 9.78 11.05 0.00 0.00
33 ROB 58.6 64 0 0.32 2.13 0 0.15 0 1.94 0 0.00 0.00
34
35 Q Bridge
36 Left Right 74.01
37 Computed L' = Qg/Guupe = 1.657 0.104
38 Qg 4.25 0.19
39 Vibe: 0.89 0.78
40 Yiube: 2.88 2.33
41 Qtube: 2.563 1.817
42
43
44
45
46
47
48
49





BRIDGE SECTION

River Station | 1288.5 BR U

CROSS SECTION OUTPUT

Plan: PR_DOT Mad River Reach 1 RS:1288.5 BR U Profile: 500 Year

Use the same data as in the contraction scour computatic|Yes

E.G. Elev (m) 108.89 Element Left OB Channel Right OB Total
Vel Head (m) 0.34 Wt. n-Val.
W.S. Elev (m) 108.73 Reach Len. (m) 3.5 3.5 3.5
Crit W.S. (m) 107.55 Flow Area (m2) 23.84 45.98 72.09
E.G. Slope (m/m) Area (m2) 21.52 42.75 65.68 129.95
Q Total (m3/s) 269.01 Flow (m3/s) 41.64 79.42 124.54
Top Width (m) 84.37 Top Width (m) 14.68 20.6 49.09
Vel Total (m/s) 1.9 Avg. Vel. (m/s) 1.75 1.73 1.73
Max Chl Dpth (m) 4.77 Hydr. Depth (m) 1.62 2.23 1.49 1.54 Flow dis. manual
Conv. Total (m3/s) Conv. (m3/s) Left WS Sta. -10.3
Length Wtd. (m) 3.5 Wetted Per. (m) 16.46 63.68 49.74 Left Eff. WS Sta.
Min Ch EI (m) 103.96 Shear (N/m2) Left Abutmnt Sta. -10.3
Alpha 1.55 Stream Power (N/m s) 3816.83 0 0 Right Abutmnt Sta. 10.3
Frctn Loss (m) Cum Volume (1000 m 22.09 354 4.47 Right Eff. WS Sta.
C & E Loss (m) Cum SA (1000 m2) 38.08 11.82 8.08 Right WS Sta. 10.3
L' (left) -10.3 L (left) 0
FLOW DISTRIBUTION IN CROSS SECTION OUTPUT L' (Right) -10.3 L (Right) 0
W1 Q1, Qe Area V1
LEFT
Main 20.6 74.01 39.41 1.91 1.88
Right
Plan: PR_DOT Mad River Reach 1 RS:1288.5 BRU Profile: 500 Year
Pos Left Sta Right Sta  Flow Area W.P. Percent  Hydr Velocity  Shear
(m) (m) (m3/s) (m2) (m) Conv Depth(m) (m/s) (N/m2)
1 Chan -10.3 -8.84 2.24 1.96 418 3.02 1.34 1.14 0
2 Chan -8.84 -6.71 5511 3.4 4.29 7.44 1.6 1.62 0
3 Chan -6.71 -4.59 8.87 4.54 4.31 11.98 213 1.96 0
4 Chan -4.59 -2.46 11.28 5.22 4.27 15.24 2.45 2.16 0
5 Chan -2.46 -0.33 13.38 5.78 4.26 18.08 2.72 2.32 0
6 Chan -0.33 1.79 12.73 5.61 4.26 17.2 2.64 2.27 0
7 Chan 1.79 3.92 10.78 5.08 4.27 14.57 2.39 212 0
8 Chan 3.92 6.05 6.94 3.93 4.36 9.38 1.85 1.77 0
9 Chan 6.05 8.17 1.74 2.58 4.31 2.35 1.22 0.67 0
10 Chan 8.17 10.3 0.54 1.31 4.55 0.73 0.62 0.41 0
1
12
13
14
15
16
17
18
19
20
BRIDGE OUTPUT River Station Low Chord Elev.| 10654
Mean Channelbed Elev. 104.63
Plan: PR_DOT Mad River Reach 1 RS: 1288.5 Profile: 500 Year Bridge Opening Width 20.6

E.G. US. (m) 108.95 Element Inside BR U Inside BR DS
W.S. US. (m) 108.73 E.G. Elev (m) 108.89

Q Total (m3/s) 269.01 W.S. Elev (m) 108.73

Q Bridge (m3/s) 74.01 Crit W.S. (m) 107.55 107.66
Q Weir (m3/s) 180.17 Max Chl Dpth (m) 4.77 4.71
Weir Sta Lft (m) -25.29 Vel Total (m/s) 1.9 2.25
Weir Sta Rgt (m) 58.6 Flow Area (m2) 141.92 119.55
Weir Submerg 0.86 Froude # Chl 0.38 0.45
Weir Max Depth (m 1.95 Specif Force (m3) 258.21 253.63
Min EI Weir Flow (r 106.97 Hydr Depth (m) 1.7 1.91
Min El Prs (m) 106.74 W.P. Total (m) 129.88 109.49
Delta EG (m) 0.13 Conv. Total (m3/s)

Delta WS (m) 0.06 Top Width (m) 84.37 74.5
BR Open Area (m2 39.41 Frctn Loss (m)

BR Open Vel (m/s) 1.88 C &E Loss (m)

Coef of Q Shear Total (N/m2)

Br Sel Method Press/Weir  Power Total (N/m s) -1599.12 -1549.33

Approx. channel bottpm width
Hydraulic depth to mean bed elevation

Hydraulic depth

108.89 {eight of Vertical Exposed Face of Abutment
108.67 Approx. Side Slope of channel below bridge

4 :1 (hwv)
6.40
2.52

1.91

(N/m's)

OO0 OO0 O0OO0OO0OO0OOoOOo

Overflow?
-10.3
0

0
10.3

Reduced
Q1, Qe

74.01

YES

Flow through

the bridge
opening only

Reduced
Area

39.41

Overflow Separation.
Elev. (est.) Ave. Dept

108.73
2.24
5.51
8.87
11.28
13.38
12.73
10.78
6.94
1.74
0.54

Q Bridge
74.01

0
1.96
3.40
4.54
5.22
5.78
5.61
5.08
3.93
2.58
1.31






PRESSURE FLOW SCOUR

Live-Bed Vertical Contraction Scour

Y/Y;= -5.08 + 1.27 (Y, /H,) + 444 (H,/Y;) + 019 (V,/V,) = lessthanzerom ... Eq. 6.21
CLEAR-WATER controls. Ignore this procedure (Arneson's Eq.)
Y= N/A m Depth of vertical contraction scour relative to mean bed elevation
Y= 410 m Depth of flow immediately upstream of the bridge (hydraulic depth at upstream face)
Hp = 1.91 m Distance from the low chord of the bridge to the average elevation of the stream bed before scour
V,= 1.88 m/s Average velocity of the flow through the bridge opening before scour occurs
V.= 1.98 m/s Critical velocity of the D5, of the bed material in the bridge opening
Dsq = (Design) m if different from the value used in the Contraction Scour computation
- i
Y —
Vi
— Hh
LY a . Jys ) " - -
Figure .14, Definition sketch of vertical contraction scour resulting from pressure flow,
Clear-Water Contraction Scour
Hp + YYo= 11021 [(1-w/Y,) V,/V 1% = 0.60m HEC-18 (1995) App. B
(Umbrell)
Y= N/Am Depth of vertical scour <- computed depth is less than zero
Y, = 410 m Depth of flow immediately upstream of the bridge (approch depth)
Hp = 191 m Depth from the low chord of the bridge to original river bed
V, = 1.27 m/s Approach Velocity
V.= 1.98 m/s Velocity under the bridge deck. (V. is equal to the incipient motion velocity)
w= 1.76 m Depth of overflow
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Soil Sample Analysis (Streambed Material)

U.S. SIEVE OPENING IN MILLIMETERS [ U.S. SIEVE NUMBERS HYDROMETER
o188 08 254 27 -3 s 0 118 e} © 100 200
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GRAIN SIZE IN MILLIMETERS
% GRAVEL % SAND % FINES
COBBLES COARSE] MEDIUM|  FiNE COARSE FINE % ST T wcay
® 14.9 324 | 143 14.3 18.0 4.7 24 -
= 0.0 24 1.5 1.1 232 88.5 22
A 2.0 £ 208 | 245 29.3 17.0 7.2 05 ,
Expl. No. __Sampie No. Depth (m) L PL PU_ (™8™ Ce | Cu .
* P 1 5.2 1.04 | S1.02
2 i5d 2 212 117 233
A TP 3 5.6 146 | 2248
S Sample Description
=3% Brown soarse o fine GRAVEL, little cobbles, little coarse sand, trace fine sand
B Lia ht brows coarse tg fine SAND, trace coarse fo fine gravel, trace silt
4 Ovange brown coarge to fine GRAVEL, little coarse sand, trace fine sand
Remarks® FL BN | -3 Reconstruction
ALEY &z 2
ALDRICH § B e
Praject No
@ Gistuntury, Cormection GRAIN SiZE DISTRIBUTION
3 Date: 12/17/2000 File Mo.: 31313-100
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Appendix C: Riprap Revetment Calculations

e HEC-11 Computation for 50-Year Only (Highest Flow Velocity)
e U.S. ACOE, EM 1110-2-1601
e Filter Layer Check

o Standard Riprap to Granular Fill

o Granular Fill to native material

o Soil Sample Analysis (channel bank, using S4-3)





Connecticut Department of Transportation

Project No. Pedestrian Bridge Prepared by WS Date  4/14/2014
Route No. 1-84 Checked by Date

Town Waterbury Stream Mad River
Discharge 50 Year Unit Metric

Riprap Revetment Design Based on HEC-11

avg

Average velocity (Va) and Average flow depth(d ave) in main channel

Cross Section No.  1288.5 BR Va (m/s)= 2.50
Flow Area (sq.m)= 39.41 Top Width (m)=  20.80
d avg (m) =| 1.89 |
Bank angle (degrees)
Side Slope= 2:1 6= 266 ]
Riprap Class ) K, D5 Acceptable Range | Check
Modified 41.2 0.7342 0.11 d50 <0.13m G
Intermediate 41.6 0.7391 0.11 0.13m<d50<0.20m G
Standard 41.8 0.7415 0.11 0.20m<d50<0.38m G
Other 42 0.7438 0.11 d50>0.38m

Assumed Specific Gravity of Rock Riprap =2.65

Angle of Repose (degrees)= @

Bank Stability Factor =K1

Median riprap particle size (m) for Stabilty Factor of 1.2 = D50
use larger Stability Factor if applying at channel bends

Stability Factors (SF) and Correction Factor (Cyy)

SF Cy| Dso(P=41.2) D5y (P =41.6) D5y (P =41.8) Dy D= 42

1.0 0.76 0.08 0.08 0.08 0.08
1.1 0.88 0.09 0.09 0.09 0.09
1.2 1.00 0.11 0.11 0.11 0.11
1.3 1.13 0.12 0.12 0.12 0.12
1.4 1.26 0.14 0.13 0.13 0.13
1.5 1.40 0.15 0.15 0.15 0.15
1.6 1.54 0.17 0.16 0.16 0.16
1.7 1.69 0.18 0.18 0.18 0.18
1.8 1.84 0.20 0.19 0.19 0.19
1.9 1.99 0.21 0.21 0.21 0.21
2.0 2.15 0.23 0.23 0.23 0.23

Recommendation: Standard Riprap is adequate
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Flow Variables For Other Frequency discharges

Vel Chnl Flow Area Top Width
(m/s) (m2) (m)
1288.5 BR | 19-YR(OVT) 2.18 39.41 20.8
10 Year 2.02 32.99 20.49
25 Year 2.28 39.41 20.8
50 Year 2.50 39.41 20.8
100 Year 2.39 39.41 20.8
500 Year 1.88 39.41 20.8

Since the Flow Area and Top Width data remain consistent for all the above frequency discharges,

the anaylsis for the worst case (highest velocity) only is deemed sufficient.
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U.S. Army Corps of Engineers Procedure

This procedure is based on the U.S. Army Corps of Engineers' Hydraulic Design of Flood
Control Channels, EM 1110-2-1601, July 1, 1991. The procedure is based on depth-averaged
local velocity. The basic equation is:

D30 =St Cs Cy Crd {[(yw/ (ys -vw)]* [V/ (K; g d) “]}>° (Equation 3-3)
where,
Variable |Variable Description Overtopping Q50 Notes
S¢ safety factor 1.2 1.2
Cs §tap|]|ty cogfﬂment for 0375 0375 0.375 for rounded, 0.30 for
incipient failure angular stone
vertical velocity =1.283 - 0.2 log (R/W) for
Cy distribution 1.0 1.0 outside of bends (= 1 for
coefficient R/W > 26)
R center-line radius of 1000 m 1000 m
bend
W water-surface width 20.8 m 20.8 m main channel only
. . =1 if thickness = 1D, (or
Cr thickness coefficient 1.0 1.0
1.5Ds)
from HEC-RAS at cross
d local depth of flow 278 m 278 m section 1288.5 BR
Yw unit weight of water 1000 kg/m’ 1000 kg/m’
Y unit weight of stone 2643 kg/m’ 2643 kg/m® |= 165 pcf
local depth-averaged from HEC-RAS at cross
M velocity S . TS section 1288.5 BR
V.  |design velocity 2.18 mis 250 m/s | Use Local Velocity v |
K, side slope correction 06678 06678 Side Slope = 1.75:1
factor Repose anq|e (:D(o)z 41.8
g gravitational constant 9.81 mi/s® 9.81 m/s?
D;, riprap size 0.13 m 0.18 m using Equation 3-3

Page 2-13 recommends that to maintain tranquil flow through curves in the watercourse
the ratio of the curve radius to channel width be 3 or greater. Therefore,

Overtopping Q50 Notes
R/W = 48.1 48.1 >3 for tranquil flow

R/W is greater than 3, thus, the flow is tranquil for Overtopping
R/W is greater than 3, thus, the flow is tranquil for Q50





Filter Layer Check
Pedestrian Bridge

Riprap Filter Design

The following design is based on a method presented in HEC-15(Sl) and HEC-11(Sl).

Granular Filter Blanket
HEC-15(SI) gives the following criteria for the design of a granular filter blanket:

[(Dls)surface/ (d85)subbase] <5< [(Dls)surface/ (dls)subbase] < 40 (Equation 11)

and,

[(Dso)surface / (ds0)subbase] < 40 (Equation 12)

Geotextile Filter

For a geotextile filter HEC-15(S1) recommends the following:
For (dso)subrase > 0.075mm, use a geotextile with an AOS < 0.6mm.

For (dso)subrase < 0.075mm, use a geotextile with an AOS < 0.297mm.

Surface Material = Standard Riprap
Subbase = Granular Fill

Granular Filter

(D15)surface = 100 mm
(Dso)surface = 380 mm
(d15)subbase = 0.48 mm
(dso)subbase = 9 mm
(dgs)subbase = 64 mm

Dislartace - 1.6 Filter satisfies design criteria from Equation 11.
(dSS)subbase

Dwsdariace = 2083 Filter does not satisfy design criteria from Equation 11.
(dls)subbase

Dsodurte 42.2  Filter does not satisfy design criteria from Equation 12.
(dSO)subbase

Geotextile Filter

(d50)subbase > 0.075mm, use a geotextile with an AOS < 0.6mm.

Berger, Lehman Associates, P.C.
Wethersfield, CT

(860)571-0075
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Filter Layer Check
Pedestrian Bridge

Subbase Filter Design

The following design is based on a method presented in HEC-15(Sl) and HEC-11(Sl).

Granular Filter Blanket
HEC-15(SI) gives the following criteria for the design of a granular filter blanket:

[(Dls)surface/(d85)subbase] <5< [(Dls)surface/ (dls)subbase] < 40 (Equation 11)

and,

[(Dso)surface / (ds0)subbase] < 40 (Equation 12)

Geotextile Filter
For a geotextile filter HEC-15(S1) recommends the following:

For (dso)subrase > 0.075mm, use a geotextile with an AOS < 0.6mm.

For (dso)subrase < 0.075mm, use a geotextile with an AOS < 0.297mm.

Surface Material = Granular Fill
Subbase = Native Material

Granular Filter

(D15)surface = 0.48 mm
(Dso)surface = 9 mm
(d15)subbase = 0.12 mm
(dso)subbase = 0.7 mm
(dgs)subbase = 18.5 mm

Dislartace - 0.0 Filter satisfies design criteria from Equation 11.
(dSS)subbase

Dishurte 4.0  Filter does not satisfy design criteria from Equation 11.
(dls)subbase

Osdartace = 199 Filter satisfies design criteria from Equation 12.
(dSO)subbase

Geotextile Filter

(d50)subbase > 0.075mm, use a geotextile with an AOS < 0.6mm.

Berger, Lehman Associates, P.C.
Wethersfield, CT
(860)571-0075 Appendix C





Soil Sample Analysis (Channel Bank)






CONN DOT SIEVE 913135A.GPJ US LAB.GDT 3/6/02

U.S. SIEVE OPENING IN MILLIMETERS | U.S. SIEVE NUMBERS | HYDROMETER
10158 508 254 12.7 3 6 10 16 30 50 100 200
1524 7682 381 181 9.5 4 =] 14 . 20 40 60 140
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GRAIN SIZE IN MILLIMETERS
% GRAVEL % SAN % FINES
COBBLES o GRA o SAND =
COARSE; MEDIUM FINE COARSE FINE % SILT | % CLAY
® 0.0 0.0 5.0 13.3 18.7 14.9 48.1
@ 0.0 0.0 | 257 124 21.1 30.6 10.2
A 0.0 32.2 204 134 - 134 16.0 4.5
Expl. No. _ |Sampie No. Depth (m) LL PL Pj B i IR O Cu
[ ] 54-2 D1 0.0-0.61 6.2
X S54-3 0] 0.0-0.81 e 6.3
A 54-7 D2 1.52-2.13 4.9 0.44 106.24
. Sample Description
®  Coarse to fine SAND, some gravel, little sjlt - FILL
X| _Coarse to fine SAND, little gravel, trace siit - FILL
A| _Coarse to fine GRAVEL, some sand, trace silt - FILL
Remarks: | U.S. Interstate Route 84 Reconstruction
ALEY& Waterbury, Connecticut -
DRICH State Project No.: 151-273
aasenouy, comsciot | GRAIN SIZE DISTRIBUTION
Date; 4/16/2001 File No.: 91313-100
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E. Del Priore SM - 001 - M REV. 1/94 BORING REFORT Hole No. S4-3
DRILLER STATE OF CONNECTICUT Lire & Station
P. Carrera DEPARTMENT OF TRANSPORTATION Offset
INSPECTOR TOWN: Waterbury, CT N. Coordinate  230905.58
Haley & Aldrich, Inc. PROJECT NAME: Reconstruction of -84 E. Coordinate  282461.88
SOILS ENGINEER PROJECT NUMBER: State: 151-273/H&A: 91313-102 Berger, Lehman Associates, P.C.
BORING CONTRACTOR: General Borings, Inc. PRIME DESIGNER
Surface Elevation: 106.73 : | Casing Auger Mud Sampler Core Barrel
Date Started: 21 November 2000 Utilized X X X
Date Finished: Type BW | NW | HW | Pipe | Solid | Hollow sS 8(sh) | Bdty | NX(st | nx(dy
Groundwater Qbservations Size I.D. (mm} | 60 76 | 100 | &4 35 X 35 35 55 55
@ 5.03 matter 0 hours { Hammer (ka} | 136 | 136 | 136 | 136 Bit 63.5 Type .| Diamend
@ m after hours | Fall {m} 06 | 06 | 06 | 06 0.76 of bit Carbide
o i SAMPLE BLOWS
E ?J’T‘;‘:‘Sg : : PER 0.15 METERS STRATA FIELD IDENTIFICATION OF SOIL
DE ON SAMPLE CHANGE
p | per PTH PEN. | REC R REMARKS (INCL. COLOR, LOSS
T half IN METERS NO. Tvee | . |0.45-10.30-| 0451 ELEVY :
y | meter |- FROM-TO mo|m 0.15 | 0.30 | 0.45 | 0.60 | DEPTH (m) OF WASH WATER, ETC.)
0.00-0.61 1 1081 061 D 3 6 8 I 1 Medium dense brown cearse to fine SAND,
. little gravel, trace silt
105.23 | -FILL-
1.52-2.13 2 | 061,045 D ; 17 | 20 | 25 | 28 1.50 Dense brown coarse ta fine SAND, little fine
gravel with cobbles
3.06-3.35 3 (030|000, D 29 100/0.15 No Recovery
5 4.57-4.72 4 0151015 D | 100 Very dense brown medium ta fine GRAVEL,
- some coarse to fine sand, trace siit with
cobbles
%063 |
6.10-6.71 5 |061)1045] D 14 14 15 13 6.10 Medium dense brown coarse {o fine SAND,
frace silt
Boulder from 7.7 m - 8.53 m
7.62-7.70 6 008|000 D {00/.08
9.14-9.45 7 0.31 | 0.15 D 3 100 Very dense brown coarse to fine SAND, sorme
10 . medium to fine gravel with cobbles
10.67-10.82 8 0.15 | 0.15 D_ 100/18 Very dense brown coarse te fine SAND and fine
gravel, trace medium gravel
04.54 -GLACIOFLUVIAL DEPOSITS-
12.19-12.19 9 000|000 D |100/ 12.19 C1: Hard, fresh, gray and white coarse to fine
- grained granitic GNEISS. Feliation is
maderateiy dipping, extremely close. Joints are
13.11-14.63 11182136 C [RQB = 64%] moderateiy dipping to high angle, close to
moderate, rough, undulating, fresh, open
15 14.63-16.15 2 |182)152] C {RQD = 64%] C2: Same as C1 except joints are low tc high
Casing Msters of NOTES: Bomb mounted Diedrich D-120 with wire winch to drive safety
Size From Ta Earth Rock hammer, Borehoie backfilled with drill cuttings upon compiletion,
NwW 0.0 13.11 1311 m 304 m
No. of Samples
7 8D,2¢c -
SAMPLE TYPE CODING: D=Driven C=Care A=Auger UP=Undisturbed Piston V=Vane Test SS=Spiit Spoon Hole No. $4-3
PROPORTIONS USED: Trace=1-10% Little=10-20%, Some=20-35%, And=35-50% Sheet 1 of 2
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